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TuurspDay, October 6, 1892. 
THE 434th meeting of the Society or Arts was held at the 
Institute this day at 8 p.m., Hon. Jacob A. Dresser in the chair. 
The records of the previous meeting were read and approved. 
Mr. George Wigglesworth, of Boston, and Prof. George R. Carpenter, 
of the Institute, were duly elected Associate Members of the Society. 
The Chairman then introduced Prof. William T. Sedgwick, of the In- 
stitute, who read a paper on the “ Modern Scientific Views of the 
Cause and Prevention of Asiatic Cholera.” The paper is published 
in full in the present number of the Quarterly. After an interesting 
discussion the meeting adjourned. 





TuHurspDay, October 27, 1892. 
The 435th meeting of the Society oF Arts was held at the 
Institute this day at 8 p.m., President Walker in the chair. 
The records of the previous meeting were read and approved. 
The following papers were read by title: 
“An Index to the Literature of Angelic and Tiglic Acids from 
1842 to 1892,” by Henry P. Talbot, Ph.D. 
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«Proposed New Formula for Yellow Pine Posts,’ by James H. 
Stanwood, S.B. 

“Kaolin in Ashland, Mass.,” by Frederick S. Hollis, S.B. 

“The Insulation Resistance of Rail Circuits in Railroad Signal- 
ing,” by Bertram H. Mann, S.B. 

“On the Properties of Hydrogen Peroxide Solutions,” by Henry 
P. Talbot, Ph.D., and Herbert R. Moody, S.B. 

“The Volatility of Stannic Chloride,” by Thomas M. Drown and 
George F. Eldridge. 

These papers are published in Volume V, Nos. 1 and 2, of the 
Quarterly. 

“On the Least Number of Vibrations Necessary to Determine 
Pitch,” by Charles R. Cross and Margaret Maltby. This paper is 
published in the present number of the Quarterly. 


The Chairman then introduced Dr. P. T. Burns, of the Institute, 
who read a paper on “ Chemical Nomenclature,” in which he discussed 
the reforms adopted at the International Congress at Geneva. The 
paper is published in full in the present number of the Quarterly. 


The President extended the thanks of the Society to Dr. Burns, 
and declared the meeting adjourned. 


CLEMENT W. ANDREWS, Secretary. 
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THE PHOTO-MECHANICAL PROCESSES. 


By S. R. KOEHLER. 


Read January 14 and 28, and February 25, 1892. 


Tue photo-mechanical processes which are so largely employed at 
present for the production of printable pictures, to be used either in 
books and periodicals as illustrations, or independently for the port- 
folio or for framing, derive their name from the fact that the action 
of light (Greek phos, photos) on substances which are sensitive to it is 
called into play in the making of the blocks or plates from which the 
impressions are to be taken, and that these impressions are produced 
in the printing press, which is a mechanical contrivance. Their ulti- 
mate aim is to replace the older reproductive and interpretative proc- 
esses by simpler, cheaper and more reliable methods. As compared 
with these older processes their modern rivals may be divided into 
two classes: First, those the final technical result of which is identical 
with that of their predecessors ; secondly, those the final technical 
result of which is different. 

To the first class belong those processes which reproduce relief 
engravings (wood-cuts and wood-engravings), or drawings specially 
made to imitate them; those which reproduce or imitate line-engrav- 
ings, etchings, aquatints, mezzotints and other varieties of intaglio 
engraving, and those which reproduce or imitate planographic prints 
(lithographs and zincographs), executed either with pen and ink in 
lines or stipple, or with crayon, etc. 

To the second class belong those processes which, although they 
produce relief blocks to be printed on the book press like ordinary 
wood-engravings, yet differ from the latter in the methods by which 
they arrive at the gradations from black through grays to white (such 
as the various grain processes, mezzotype, half-tone screen processes, 
etc.), but more especially the collographic process and the Woodbury- 
type. The two processes last named are absolutely new, not only in 
this that they can work directly from nature without the interven- 
tion of the artist —a faculty which they share with the half-tone re- 
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lief processes, the photogravure (intaglio) processes and some of the 
photo-planographic processes — but also in the printing forms yielded 
by them, which are absolutely without analogues in the older repro- 
ductive processes. 

To be able to understand the working of the photo-mechanical 
processes it is indispensable to have an understanding of the aim of 
the older processes, and of the means used by them to reach this 
aim, and we shall therefore have to devote a part of our time to 
their consideration. 

The ultimate aim of all picture-printing processes is to produce 
blocks and plates which, when properly inked and pressed against a 
sheet of paper or other suitable material in a press, shall give a pic- 
ture in which the gradations from black through the various shades 
of gray to white have the same relations, and therefore produce the 
same effect as in a black and white drawing made by an artist, either 
in lead pencil, charcoal, crayon, India ink washes, gouache or black 
and white oils. Three methods can be used to reach this end: 

1. Relief engraving, such as wood-cutting and wood-engraving. 
Those parts of the surface which are to produce the picture are left 
standing in relief above the mass of the material used (commonly 
boxwood), while the whites between them which are not to print are 
cut away. Ifa roller charged with printing ink is passed over a 
block so treated those parts only which have been left standing in 
relief take up the ink. If a piece of paper is then pressed against 
the block the ink is transferred to it from the surface, and the re- 
sult is an impression. 

2. Intaglio engraving. In this case the lines and dots which are 
to produce the picture are cut into the plate used (intagliated), so 
that they form furrows and pits in it. The plates are usually of metal 
(copper, steel, etc.), and the furrows and pits are produced in them 
by cutting instruments (gravers, etc.), or by chemical means, that is 
to say, by corroding the metal by acids or mordants (etching). Ifa 
plate so treated is covered with printing ink and its surface carefully 
cleared so as to leave only the furrows and pits filled with it, and if 
then a piece of paper is pressed against it, the latter lifts the ink out 
of the furrows and pits, and the result is again an impression. 

3. Planographic methods. These methods, best known as lithog- 
raphy (from “thos, stone) and zincography, are so called because the 
‘printing is done from perfectly plane surfaces, neither cut in relief 
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nor intagliated. The process is a chemical one. The picture to be 
printed is drawn on the stone or zinc with ink or crayon containing 
soap. The whole surface is then treated with certain chemical agents 
which decompose the soap, and at the same time attack the stone or 
zinc. The chemical action induced causes the fatty acids in the soap 
to enter into insoluble combinations with the stone or zinc. The 
printing surface now consists of two materials differing in properties. 
Those parts on which the drawing was executed are formed of an 
insoluble soap, which has the quality of shedding water, and therefore 
accepting fatty substances even after it has been wet; while the parts 
not drawn upon accept water readily, and therefore cannot take up 
fatty substances after they have been moistened. It follows that, if 
such a planographic surface is wet and then inked — printer’s ink 
being a fatty substance —the drawing alone will accept the latter, 
while the parts not drawn upon will reject it. Naturally, if a piece 
of paper is pressed against a surface thus prepared it will take up the 
ink from the drawing, and once more the result will be an impression. 

The principles underlying these three methods, relief, intaglio and 
planographic, will have to be borne in mind if the answer to the 
question next to be considered is to be understood. This question is: 
How can the methods under consideration be utilized to reproduce 
or imitate a picture made in black and white by an artist? 

The means at the command of the artist are these: Black masses 
and white masses; black lines and dots; gray lines and dots of vary- 
ing intensity or shade (value) ; and structureless grays, that is to say, 
masses of gray, either flat, but of varying intensity or shade (value), 
or gradated, and showing neither lines nor dots perceptible to the eye. 

The relief processes, it is evident from what has been said, are 
surface printing processes, that is to say, the ink is taken up by 
those parts of the surface left standing in relief; and it may be 
said, therefore, with sufficient accuracy for the purposes of this dis- 
cussion, that the impression produced upon the paper is uniformly 
black, or in other words that every line and dot in the impression 
is of the same value! The limitations as well as the capacities of 
the relief processes are sufficiently apparent from this: Black masses 
are easily produced by allowing the surface to stand; white masses as 
easily ‘by cutting it away. Black lines and dots evidently can be pro- 





* The slight possibilities of variation offered by underlaying and overlaying are ignored 
here, nor can the difference between black line and white line engraving be considered. 
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duced with the same ease, but it is absolutely impossible to produce 
really gray lines. Such lines can, therefore, be only simulated by sub- 
stituting for them narrower black lines, thus reducing the quantity of 
black and increasing that of white; or by white-lining a black line 
of the same width as the gray line, that is to say, breaking up the 
black line into a series of dots so that the proportion of black and 
white in it shall be the same as in the solid gray line of the original, 
and the effect upon the retina when the dotted line is seen at a suffi- 
cient distance to allow the black and white dots to blend shall also be 
the same. It follows from this that structureless grays are likewise 
beyond the reach of the relief engraver, and that he can only simu- 
late them by masses of intermingled black and white lines and dots. 
so proportioned that, by blending upon the retina of the eye when 
seen at the proper distance, they will produce the sensation of a shade 
of gray of the same value as the structureless gray of the original. 

The planographic processes, being likewise surface printing processes, 
share, speaking generally, the limitations of the relief processes, and 
offer the same advantages, artistically considered. They can easily 
produce black masses and white masses and black lines and dots, but 
they cannot produce solid gray lines, nor really structureless grays, 
They can, however, simulate them more successfully, because they 
can produce, by means of crayons and otherwise, grains which are so 
delicate as to be almost imperceptible to the naked eye even at very 
short distances. For the production of crayon drawings the surface 
of the stone or zinc on which the drawing is to be executed is grained, 
giving it a texture somewhat like that of drawing paper. According 
to the fineness of this grain, and the quality ——hard or soft —of the 
crayon used, the character of the drawing can of course be varied 
from extreme boldness to the utmost tenderness. 

The zutaglio processes are more favorably placed in this respect 
than either the relief or the planographic processes. We shall, how- 
ever, be compelled to divide them into two groups, as they differ con- 
siderably in their capacities, and consequently in the results produced. 
To the first group belong line-engraving, punching, stippling, and 
etching in lines. These processes can easily produce white masses, 
simply by allowing the surface to stand. Black masses, on the con- 
trary, can only be produced by laying black lines so closely alongside 
of. one another that they run together in the impression. This brings 
us to the most important point in the technical character of all intaglio 
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processes. They are not surface printing processes, the ink being 
held by the cavities cut or bitten into the plate, and consequently they 
cannot produce absolutely unbroken black masses with the same 
facility as the relief and planographic processes. This is due to the 
necessity of cleaning the surface of the plate before the impression can 
be taken—an operation which is performed with rags or with the 
hand. If sufficient care is used the rag or the hand will not enter the 
lines, thus leaving them filled with ink while cleaning the surface. 
But if the attempt were made to produce a large, black spot, by hollow- 
ing out a correspondingly large spot in the plate, such a spot would 
produce only a gray smudge in the impression, for the rag or hand 
would enter it in wiping and would remove the ink from it. This 
explains why a black spot can only be produced by cutting a series 
of lines very closely together. The ridges left standing between the 
v-shaped furrows formed by the lines supply a support for the rag 
or hand, and thus prevent the wiping out of the ink. Gray lines may, 
of course, be simulated by narrow black lines, as in the surface print- 
ing processes. But the advantage which the intaglio processes have, 
because they are not surface printing processes, comes in here as an 
aid in the production of lines of different value. It is obvious that a 
line cut into the plate may differ not only in width, but also in depth, 
and that a deeper line will actually deposit more ink on the paper than 
a shallower one. Such lines may therefore differ in value in the 
impression, and thus the intaglio engraver who uses lines and dots 
has not only their breadth or size to aid him in producing the appear- 
ance of grays of differing value, but he can utilize, also, their varying 
depth.? 

The processes which belong to the second group, such as mezzotint 
and aquatint, appear at first sight to be entirely independent of lines 
and dots, and capable of actually producing full black and structureless 
grays of every possible value. This, however, is not true, as the fol- 
lowing consideration will show. Mezzotints are produced by first 
breaking up the surface of the plate into countless microscopic pits, 
separated from one another by equally minute ridges of metal, and 
then, by scraping, reducing the height of these ridges as needed. The 
breaking up of the surface of the plate— the laying of a mezzotint 


*The aid to be derived from wiping and what is known as retroussage is ignored here as 
not properly the work of the engraver. The printer of process plates, moreover, can also 
make use of these devices, if they suit his purpose. 
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ground, as it is somewhat improperly called —is performed by an in- 
strument known as the rocker. If a plate so grounded or rocked is 
inked, and then wiped and an impression printed from it, the latter 
will present one unbroken mass of velvety black, the minute cavities 
which hold the ink lying so closely together that the black dots pro- 
duced by them run into one another, while nevertheless the ridges of 
metal between them form a sufficient support for the rag or the hand 
to prevent the wiping of the ink out of the cavities. The work of the 
engraver now consists in reducing the ridges between these cavities 
by scraping, as before stated, very slightly where there is to be a dark 
gray, more decidedly where there are to be lighter grays and removing 
them entirely where there are to be whites. By this scraping the 
ridges are reduced in height, and consequently the cavities between 
them in depth, so that as the scraping proceeds downward they hold 
less and less ink. At the same time, however, the tops of the ridges 
of metal — the ridges broadening downwards — become wider and 
wider, and therefore the black spots produced in the impression by the 
ink taken up from the cavities are separated from one another by more 
and more of the white paper seen between them. The various shades 
of gray in a mezzotint are the result, therefore, of two factors —the 
varying quantity of ink deposited on the paper according to the vary- 
ing depth of the cavities, and the difference in the spacing of the dots 
produced. It is quite possible to lay a mezzotint ground so fine that 
it is difficult to detect the discontinuity of the grays with the naked 
eye; but it exists, nevertheless, as without the supporting ridges be- 
tween the cavities, which form the ink-holding grain or tooth, all the ink 
would be wiped out of them. This is true, also, of aquatint, although 
in this case the cavities are the result of etching, and the grain pro- 
duced is rarely so fine as to escape observation. 

It is needless to tell you that these old hand processes — processes, 
that is to say, in which all or nearly all the work had to be done by 
the hand of man —have produced most admirable work, which will 
be the admiration of all ages to come. Nevertheless they are open 
to certain objections. But before I undertake to state these objec- 
tions I wish to have it understood most distinctly that I am not 
going to act the part of the advocatus diabolt, On the other hand, 
I am not concerned at present with zsthetic theories or even fashions 
in art. My business is simply to give you historical and technical facts. 

The first objection, then, to these old hand processes is their cost- 
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liness, a necessary result of the high class of artistic labor employed 
in the production of really good work, and of the length of time 
needed for engraving a block or plate, such time reaching from 
months into years, and the prices paid from hundreds into thousands. 
There is a tendency noticeable, therefore, throughout the whole his- 
tory of the reproductive or multiplying arts to substitute the forces 
of nature for the work of the hand of man. The first effort in this 
direction is coeval almost with the very beginning of picture-printing, 
for etching, which seems first to have been practiced for the purpose 
we have in view towards the end of the fifteenth century, is, techni- 
cally considered, nothing else but the substitution of chemical action 
for the work of the graver. The same is true, but in a still higher 
degree, of lithography, which was invented towards the end of the 
eighteenth century. It is the direct outcome of the desire alluded to; 
for although its invention may be called an accident, yet it must not 
be forgotten that Senefelder was consciously experimenting with the 
purpose of finding a cheap and easy substitute for the then known 
processes of engraving. Had that desire not been present the “acci- 
dent” might have occurred a thousand times without leading to a 
result. The rapidity with which lithography spread over the world 
also shows that it met a long-felt want—a want which gives a dis- 
tinctive character to the whole period from the end of the eighteenth 
to the middle of the nineteenth century. 

This period may be called the era of “substitute processes,” under 
which name I have grouped together all the methods devised prior 
to the introduction of the photo-mechanical processes, for producing 
printable blocks and plates with less labor, and therefore cheaper than 
the processes hitherto in use. The aim of all these processes was to 
get rid of the engraver — “the emancipation of the artist and the 
publisher from the engraver,’ to quote a euphemistic phrase then 
invented —or to enable the designer himself to be the engraver, by 
providing means for transforming the design into a printable block 
or plate by chemical or galvanic action, etc. To tell the bare truth 
about these processes they are, with isolated exceptions, the outcome 
of the industrial rather than of the artistic development of modern 
times. It is not their purpose to supply the artist with new means 
of expressing his individuality. They strive to imitate something 
more costly, by methods capable of rapid and extensive utilization in 
large industrial establishments. Cheapness is with them the first 
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consideration, with as much artistic perfection as this limitation will 
allow; and their career was only cut short by the introduction of the 
photo-mechanical processes, which served the same ends still better, 
and offered, besides, as we shall presently see, other advantages which 
were not offered by the substitute processes. Most of the latter have, 
therefore, gone out of use again, although some of them still hold 
their ground for certain classes of work, and, within certain limits, 
with excellent results. I allude here to the wax processes and kaola- 
type or clay surface processes (from aoline, China clay), which may 
be summarily described as follows: Metal plates are covered with a 
thin coating of wax or of a clay preparation, and the design is cut 
into the coating with suitable tools so as to lay bare the metal. By 
electrotyping in the case of the wax processes, and by stereotyping 
in the case of the clay surface processes, blocks are obtained showing 
the design in relief lines, and these can be printed in the book press 
like wood-cuts. It is impossible to give a description here of all the 
processes which belong to this group;! but a word must be said con- 
cerning the relief etching process, not only because it was the earliest 
of its fellows, but also because the experience in etching gained by 
those who practiced it was a great help in the development of that 
form of the photo-mechanical processes most extensively used to-day. 
Relief etching is a substitute for wood-engraving, and is merely the 
reversed application of the etching process long known to painter- 
etchers and engravers. In this latter process the lines that are to 
print black are bitten into a metal plate, and those parts that are 
to show white in the impression are left standing. It is evident 
that in relief etching those parts which are to print black must be 
left standing, while those that are to show white are bitten away. To 
obtain this result different methods were essayed. The metal plate 
was covered with an etching ground, and the parts that were to show 
white were removed, or the design was executed on the plate ina 
fatty ink capable after it had dried of resisting the action of acids, 
or it was drawn on prepared paper in similar ink and was then trans- 
ferred to the plate by pressure (in the press), the prepared paper being 
carefully removed after it had been wet from the back so as to dis- 
solve or soften the preparation on its surface. This “transfer process” 
plays an important part, also, not only in lithography, but in some of 
the photo-mechanical processes, and it will be necessary, therefore, to 





* For further details see the catalogue mentioned at the end of this paper. 
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keep it in mind. Of the etching involved —the biting away of the 
metal between the lines —it must suffice here to say that it is a much 
more complicated process than that employed by the painter-etcher or 
even the engraver. But of this more anon. 

The objection to the old processes which the substitute processes 
sought to overcome was purely commercial —their costliness, and all 
they sought to do, therefore, was to reduce the labor of the engraver 
to a minimum, or at the very utmost to do away with it entirely. 
There was and is, however, a second objection which takes a higher 
ground —the unreliability of all hand processes considered from a 
scientific point of view. Necessarily when an engraver copies an 
artist’s design, either from nature or a creation of his genius, it must 
undergo a transformation, owing partly to the technical limitations 
previously outlined and partly to the individuality of the engraver. 
In the case of a design from nature the influence of subjectivity is, 
indeed, still greater, for the transformation worked by the individuality 
of the engraver is preceded by that of the draughtsman, since it is 
a well-known fact that two designs by two different men from the 
same scene or object are never alike. We have, indeed, become much 
more skilled in copying than our predecessors used to be, so that copy- 
ing might almost be called a modern art. To realize this it needs 
only to compare modern work of the same kind with say Rubens’s 
copies from paintings and antiques, or the architectural etchings of 
the artists of past periods, or, still later, some of the reproductions 
of Mexican and Central American antiquities, which in many cases 
are little less than translations into a bastard renaissance style. But 
even with all our progress in this direction there are still so many 
possibilities of uncertainty that, with the awakening and growth of 
the modern scientific spirit, there awoke and grew, also, a desire for a 
process able to produce printable pictures — pictures, therefore, capable 
of wide distribution— which should be entirely free from the influ- 
ence of subjectivity, and consequently absolutely correct scientifically, 
so far at least as form and light and shade are concerned. The re- 
production of color has, indeed, also been essayed, but that is a sub- 
ject which cannot be touched upon in these lectures. 

Now it is evident that such a reproductive process must be abso- 
lutely independent of man, and must rest entirely upon the action of 
the unerring laws of nature. The outcome of the search for this 
desideratum was the discovery of the photo-mechanical processes and of 
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photography. Inthe mind of the public photography has become so 
closely identified with the usual form of portrait photography, etc., in 
which not only the printing form used (the negative), but also the so- 
called print (the positive, in the shape of silver prints, platinum prints, 
carbon prints, etc.), is the result of the action of light on substances 
affected by it, that it is looked upon as its starting point, while the 
photo-mechanical processes are supposed to be later applications of 
the principle involved. It is nevertheless true that the very first 
experiments made by Joseph Nicéphore Niepce aimed at the produc- 
tion of printable plates, and that the daguerreotype and photography 
on paper as we at present know it are later developments. The 
difficulties besetting the production of printable plates were so great, 
however, that the experiments made in this direction were obscured 
by the splendid results achieved by sun-printing, and were only prose- 
cuted with renewed vigor — although never wholly abandoned — when 
it became evident that the products of photography, pure and simple, 
were too expensive and too unstable to supply the place of pictures in 
printer’s ink printed on a press. 

The aim followed in these researches — the discovery of a scientifi- 
cally reliable reproductive process — is very clearly expressed in the 
announcement of the prize offered by the Duc de Luynes in 1856. 
“Tt is,” says this announcement, “with a view to hastening the 
moment so much desired, when the processes of printing or of lithog- 
raphy shall permit the reproduction of the marvels of photography 
without the intervention of the human hand in the design, that M. le 
Duc de Luynes ... has established a prize.’”” These hopes were based 
on the assumption that photography was actually scientifically reliable. 
It is hardly necessary to say that this illusion has long since been 
dispelled, and that we are to-day fully aware that there are a thou- 
sand and one influences at work which make the result of photog- 
raphy doubtful, even if we leave out of the calculation the errors of 
judgment introduced by the still unavoidable intervention of man, 
not only as a chemist and physicist (optician), but to some extent 
also as an artist (in the choice of pose, point of view, lighting, etc.). 
But even if we had a method eliminating all these sources of error — 
a sort of ‘“ drop-a-nickel-in-the-slot-process,” in which absolutely every- 


thing is done by nature —there would still be varying conditions of 
light, of moisturé, of temperature, of electricity, which would affect 
the result, and it is probably vain to hope that these difficulties will 
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ever be completely overcome, or their causes brought under control. 
In spite of all these limitations, however, it remains true that on the 
whole photography is, scientifically considered, the most reliable de- 
lineator at present at our service. If we add to this the commercial 
advantages offered by it, its rapid development and wide diffusion 
are easily explained, while at the same time we may confidently as- 
sume that the end is not yet, and that a long line of development 
and improvement is still before us. With all these shortcomings, 
therefore, present to our mind, we shall be unable to deny that the 
photo-mechanical processes represent a vast step in advance on the 
road towards the desired aim, which is nothing less than the elim- 
ination, not only of the exgraver—whom the substitute processes 
had already sought to oust —but also of the designer, from the pro- 
duction of printable blocks and plates. To take any object, whether 
artificial or natural —a work of art, a.scene in nature, animals, the 
human face and figure—and to produce therefrom, solely by the 
agency of nature, a printing form from which an unlimited number 
of impressions can be taken in ink as unaffected by the ravages of 
time as that used for the printing of blocks and plates engraved by 
hand -¢ this is the aim of the photo-mechanical processes. 

If we ask now what are the agencies by which the engraver and 
even the designer — the “artist,” that exalted personage, to whom we 
are accustomed to look up to as a superior being more highly gifted than 
his fellows —are to be displaced, the answer may perhaps be some- 
thing of a shock to delicately strung natures. There is, indeed, the 
glorious light, whose life-giving, silent, mysterious influence is called 
into play; but the bodies upon which it acts, and with which we shall 
have more tangible dealings, are of a much more terrestrial, lower and 
vulgar order, to wit: pztch, glue and some poisonous chemicals. What 
mean substances! What an opportunity to moralize upon the exalta- 
tion of the little, or to preach upon the text that the stone rejected by 
the masons shall become the corner stone of the edifice! Forif the 
engraver, and even the artist, are to be discharged to make way for 
pitch and glue, and are to be told that these despised bodies, which one 
cannot touch without soiling one’s hands, are more reliable under the 
influence of light than their brains and hands under the same influence, 
what may not be in store for the rest of us? 

Formulating the statement just made more concisely we may say 
that the materials most generally used in the photo-mechanical processes 
are resinous substances, especially asphaltum (bitumen of Judzea, Jews’ 








a 








172 S. R. Koehler. 


3 


pitch) ; glutinous substances, more especially albumen and gelatine ; and 
of chemicals, potassium bichromate and ammonium bichromate. Other 
substances have been tried, but those named may be said to be the 
only ones now practically in use; and we shall therefore confine our- 
selves to their consideration. The properties possessed by them which 
come into play in the photo-mechanical processes, and the possibilities 
which grow out of them, may be outlined as follows : 

Asphaltum is a mineral resin of varying constituents found in 
Trinidad, on the shores of the Dead Sea, etc. It is soluble in benzine, 
benzole and turpentine. Exposed to light it undergoes what is appar- 
ently an oxidizing process, and becomes insoluble in its ordinary 
solvents. If, therefore, we coat a metal plate with asphaltum and 
then expose it to the action of light in parts, while other parts are 
protected from this action, as for instance under a negative, the result 
will be that after the exposure the coating is no longer uniform, but 
consists of asphaltum in two distinctly differing conditions, those parts 
of the coating which were protected from the light being still solu- 
ble in benzine, etc., while those which were exposed to its action have 
become insoluble. We can now wash away these soluble parts and 
can then etch the plate, the insoluble asphaltum left on it servinggas an 
etching ground, or “resist,” that is to say, protecting the parts covered 
by it from the action of the mordant. As not all the constituents of 
crude asphaltum are equally sensitive to light, it is purified for photo- 
mechanical purposes by treating it with ether. 

Albumen, or white of egg, is soluble in cold water, not only in its 
fresh condition, but even after it has been dried. If, however, it is 
mixed with potassium or ammonium bichromate, dried, and exposed 
‘to light, it becomes insoluble and capable even, to a certain extent, 
of resisting acids. If, therefore, we coat a plate with a solution of 
albumen and a bichromate, dry it in the dark and then expose it to the 
action of light, while parts of it are shielded from this action, as under 
a negative, the result will be the same as in the case of asphaltum. 
We shall have on the plate albumen in two conditions, soluble and 
insoluble ; and after the former has been washed away the plate can 


again be etched, the insoluble albumen acting as an etching ground or 
“resist.” 


Gelatine is best known to most of us as a material for delicate 
puddings. According to Professor Eder, who has made a special study 
of the subject, the term is used to designate “different kinds of 
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pure glue without, however, applying to a particular species. In glue 
we distinguish g/utine (bone glue, made from leather, parchment, bones 
and isinglass) and chondrine (glue made from the cartilages of the ribs 
and joints). The properties of glue vary considerably, according to 
the preponderance of glutine or chondrine. Neither the one nor the 
other is found in commerce in the pure form ; but nearly all ordi- 
nary commercial gelatines, and also most of the photographic gelatines 
(i.e, those kinds specially made for photographic purposes), consist 
essentially of glutine.” According to the same authority the chemi- 
cal constitution of these organic substances is as good as unknown; 
that is to say, we know that they consist essentially of carbon, 
hydrogen, nitrogen and oxygen, but it is impossible to fix the pro- 
portions of these elements. Their action, however, under the influ- 
ence of light in the presence of certain chemicals, is sufficiently un- 
derstood; and upon this action are based the uses made of gelatine 
in the photo-mechanical processes. 

Gelatine absorbs co/d water, and consequently swells up when 
treated with it. In ot water it dissolves. It loses these properties, 
however, when exposed to light in the presence of a bichromate. The 
bichromates in contact with organic substances part freely with one 
equivalent of chromic acid under the influence of light, and the acid 
again is easily deprived of part of its oxygen and reduced to oxide, 
The ease with which chromic acid is thus decomposed is illustrated by 
bringing it together with alcohol. The deoxidation of the acid and 
the oxidation of the alcohol take place so rapidly that the latter ignites. 
According to Abney, when gelatine mixed with potassium bichromate 
is exposed to the action of light, the result is a loss of hydrogen and 
a gain of oxygen in the organic matter, and the formation of potassium 
hydroxide and chromic oxide. It would seem, however, as if the action 
could hardly be so direct. A film of sensitized or bichromated gelatine 
—of gelatine, that is to say, dissolved in hot water and mixed with a 
solution of a bichromate — spread ona glass plate and dried in the dark 
is of a brilliant orange color. Upon exposure to light for a sufficient 
length of time it assumes a beautiful dark brown hue, said to be due to 
the presence of chromium chromate. This brown color disappears after 
copious washing in cold water, and the color that remains permanently 
is of a pale greenish tinge, caused by the presence of chromic oxide, 
and similar to the color of ordinary green glass bottles, which is also 
due to chromic oxide. The action of light on the bichromates in the 
presence of organic matter can also be illustrated by means of paper 
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soaked in a solution of potassium bichromate, and it has been used 
for the production of a kind of sun-prints called chromotypes. If a sheet 
of such paper, after it has been dried in the dark, is exposed to light 
under a negative the picture is brought out in brown on an orange 
ground. Such a picture, however, is not permanent, as on further ex- 
posure to light after the removal of the negative the orange ground 
would also turn brown. To “fix”’ it, it is necessary, therefore, to wash 
out the unchanged bichromate; but this affects also the brown por- 
tions, and the picture is finally left in a greenish tint on white paper. 
Experiments like these, made by Mungo Ponton and published by him 
in 1839, were the starting point of all the processes based on the use 
of bichromated gelatine, although it was left to Becquerel to demon- 
strate, in 1840, that it was really the sizing matter of the paper which, 
in conjunction with the bichromate, produced the effect, and to Fox 
Talbot, in 1852, to investigate still further the action of the bichro- 
mates on organic substances under the influence of light. 

The behavior of bichromated and unbichromated gelatine after ex- 
posure to light, and in the presence of hot and cold water, can readily 
be illustrated by means of the sheets of gelatine sold by dealers in pho- 
tographic materials. If small pieces of such sheets are soaked in a solu- 
tion of a bichromate, so that one half is sensitized (bichromated), and 
the other half left in its natural condition, and then exposed to the 
light, and the half which has turned brown washed out until it assumes 
the greenish color, it will be found that upon immersion in co/d water 
the part left in its natural condition will soften and swell, whereas the 
bichromated portion remains hard and leathery, and does not swell up 
at all, or at least very much less than the other half. This experiment 
may be repeated over and over with the same piece. If, however, a 
sheet of gelatine so prepared is thrown into fot water, the half of it 
which is in the natural state will dissolve, while the bichromated part 
remains hard and leathery, as before. 

A number of possibilities which have been utilized in the photo- 
mechanical processes grow out of the behavior of gelatine under the 
conditions just described : — 

A film of bichromated gelatine may be exposed under a negative, 
and then treated with cold water. It is evident from what I have told 
you that the unexposed parts will swell up above the exposed parts, 


which have lost the faculty of swelling, thus forming a relief in soft 
gelatine. 
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Such a film, after exposure, may be treated with hot water, which 
will dissolve out the unchanged gelatine between the parts that have 
been changed, and consequently hardened. The result is a relief in 
hardened gelatine. 

The two possibilities so far stated are easily apparent from the ex- 
periments described. A number of others have been found, however, 
which do not follow so self-evidently : — 

A bichromated film may be so treated that after it has been ex- 
posed and then soaked in water it will accept printing ink on the 
exposed parts, the amount of ink accepted varying with the amount of 
exposure, while the unexposed parts, which have retained all their 
capacity for absorbing water, will reject it. It is evident that such a 
film acts like a stone with a lithographed drawing on it. 

A film treated as described in the preceding paragraph shows a 
very fine reticulation or vermiculation on its surface. This “ grain” 
can be made larger and more apparent, its closeness and size varying 
with the varying amount of light that has acted on the surface. Such 
a surface can be rolled up in ink, and transfers from it made to stone 
or metal. 

A bichromated gelatine film, after full exposure to light, becomes 
impermeable to acids, while in those parts in which it has not been 
fully exposed the permeability varies in inverse proportion to the 
amount of exposure. It can, therefore, be used as a “resist” in 
etching processes. 

Finally, bichromated gelatine, after exposure to light, shows a 
capacity for resisting the impact of the sand blast, the resistance 
varying with the amount of exposure. Upon this observation is based 
a photo-lithographic process. 

We are now in a position to consider the various applications which 
can be made of the possibilities offered by asphaltum and bichromated 
albumen and gelatine. But as a matter of course we shall have to 
confine ourselves to the leading processes only, and more especially 
to those which are in practical operation to-day. And it will be well 
to state here, also, once for all, that only the leading principles can 
be touched upon. The innumerable great and small difficulties which 
beset the path of the photo-mechanical process man and make his lot 
anything but a happy one, but upon the successful overcoming of which, 


nevertheless, depends the commercial availability of his labors, must be 
ignored, 
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The first point to be considered is the character of the originals 
to be reproduced. These may be of two kinds: Frs¢, in lines and dots. 
on a light ground, such as pen and ink drawings on white paper; and 
second, washed drawings, paintings and photographs from nature which 
show structureless grays. Originals of this second kind are commonly 
called “ half-tone originals,” and by this name we will designate them 
in our further discussion. 

To begin with we will take the simplest problem that can be pro- 
posed —the making of a relief block, to be printed in the book press, 
from a drawing in black lines and dots on white paper. The first care 
of the operator will be to examine the drawing. If it shows gray lines 
and dots intermingled with the black he will, if it be at all feasible, 
reject it, as it will be impossible to get a perfect result from such a 
drawing. The reason will become apparent to you, if you will recall 
to yourselves the necessities of the surface-printing processes, which 
cannot, as we have seen, produce actually gray lines, but can only 
simulate them by substituting either finer black lines or lines broken 
up into dots by cutting through them (by white lining) for the gray 
lines of the original. This, however, the photo-mechanical process 
presently to be considered cannot do. To insure a perfectly satisfac- 
tory result a black and white negative is needed, that is to say, a neg- 
ative consisting of lines showing the clear glass without any veiling 
or obscuration whatever on a black ground of perfectly even density. 
It is obvious that a negative made from a drawing in which there are 
gray lines cannot fulfill these conditions, as some of the lines in it will 
be more or less veiled; and the result in the block produced will be 
either solid black lines where the gray lines should be, which will 
be too dark ; or rotten lines, which will be ungainly ; or no lines at all, 
which will give to the picture a spotted appearance, with contrasting 
black and white masses and no intermediate tones to unite them. 
A drawing for reproduction ought, therefore, to be executed on white 
paper in lines and dots of absolute black, varying only in breadth or 
size and in spacing. 

Supposing the operator to be in possession of such a drawing he 
will have the choice of three processes now more or less generally in 
use, for its reproduction, to wit: the etching process, the swell-gelatine 
process and the wash-out process. He is most likely to choose the 
first, and we will therefore begin with its consideration. 

There are two varieties of the etching process, according to the 
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nature of the substance used to produce the “resist,” which substance 
may be asphaltum or bichromated albumen. Either will do, although 
asphaltum will perhaps give a somewhat sharper result. But as the 
albumen is a time-saver it is generally given the preference. In either 
case the first care will be to make a black and white negative from 
the drawing, generally somewhat reduced in size. This negative will 
have to be reversed, that is to say, instead of showing the right to left 
and the left to right, as in an ordinary negative, the right in it will 
have to be to right, and the left to left. The necessity for this will 
become clear when the various changes of position are considered 
which the subject has to undergo in the process. The original is 
right-left ; an ordinary negative would be left-right ; the design on 
the block from such a negative would be right-left, and the impression 
would consequently be left-right. To prevent this the negative is 
made right-left, the same as. the original. The block made under 
such a negative will as a matter of course be left-right, and the im- 
pression, consequently, right-left, as it ought to be. 

A metal plate, generally a zinc plate, is now coated very thinly 
and evenly with a solution of purified asphaltum in benzole, or with 
a solution of albumen sensitized with either potassium or ammonium 
bichromate, and after it has been dried in the dark it is exposed to 
daylight or electric light under the negative. It is obvious that the 
light can penetrate only through the clear spaces of the latter, and, as 
these spaces represent the lines of the original drawing, that the 
result will be a reproduction of the drawing on the plate, in either 
hardened asphaltum or hardened albumen, while the spaces between 
the lines will be left in their soluble condition. The exposure having 
been completed the next step will be the “development”’ of the 
image, or in other words the removal of the soluble parts from the 
plate. If asphaltum has been used this “developing” is accom- 
plished by washing with turpentine. If albumen has been used the 
plate is first rolled up in a special kind of fatty ink (etching ink), so 
that it is uniformly black all over, and the “developing” is done with 
water. In either case the drawing is left on the plate in lines covered 
with a material capable of resisting acids, upon a ground of bare zinc. 
The plate is now in a condition to be etched into relief, for which pur- 
pose nitric acid diluted with water is used. After the etching has been 
completed it is generally necessary to trim the plate with the graver, 
i.e, to make corrections and add refinements by reducing lines that 
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are too thick, or to use the burnisher for the opposite purpose, and to 
rout out the large white spaces which it would be too tedious and 
costly to etch deep enough. The plate is finally made type high by 
mounting it on a block of wood like an electrotype, and it is then 
ready for printing from it in the type press, as from any other block 
engraved in relief. 

I must put in a word here about the difficulties of etching as 
applied in these processes, which, as I told you before, demand of 
the etcher an extraordinary amount of skill and care. It will not do, 
as in the case of ordinary etching, to bite, take a proof and then if 
need be lay a re-biting ground merely on the surface and bite again. 
Not only the surface of the lines must be protected, but their sides 
as well, and this in corresponding progression downward as the biting 
progresses in depth. To this end the plate is rolled up with “etch- 
ing ink” between the various stages of the etching, and powdered 
with resinous substances, commonly dragon’s blood. The plate is 
then heated, so as to cause the ink and the dragon’s blood to melt 
and gradually to coat the sides of the lines by flowing downward, 
first filling up the finest parts of the work, then the next finest, 
and so on until only the coarsest parts are left open for a final etch- 
ing. In this way is secured not only sufficient depth between the 
lines to prevent the ink from filling up the block, but also a “foot” 
for each line, that is to say, increasing thickness downwards, however 
delicate the line may be on the surface, so as to prevent its break- 
ing under pressure. This species of etching was first practiced, as 
before noted, by the substitute process workers, and as it is said to 
have been more especially perfected by Gillot, of Paris, it used to be 
and still is occasionally called gz/lotage. The delicacy of this work 
can best be estimated by examining a half-tone block.? 

The introduction of the electric light has made it possible to use 
the process here described, with albumen as the basis of the “resist,” 
for quick newspaper work, which would be out of the question if sun- 





* A process is now coming more and more into use which does away with many of the 
difficulties of etching. The “resist ” used is still held a secret, but is said to consist of bichro- 
mated albumen, mixed with other substances. It is laid on a copper plate and baked, which 
so hardens it that it resists acids without rolling up and powdering with resinous substances, 
and can be removed only by grinding. The nature of the copper and that of the mordant 
used, 7. ¢., perchloride of iron, make it possible to get sufficient depth and sufficient resisting 
power in the lines left standing, by one etching, at least for ordinary purposes. It is stated 
that this ‘enamel resist ” cannot be used on zinc. 
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light were a necessity. The illustrations in the daily papers, whatever 
we may be tempted to think of them from other points of view, are 
certainly marvels of science applied to industry —a fact which the pub- 
lic to whom they are presented at the breakfast table does not suffi- 
ciently realize. An accident happens at noon; a small photograph is 
taken of the scene. This is enlarged, a drawing made over the enlarge- 
ment, the photograph bleached out under the drawing, a negative made 
from the drawing, a plate coated, exposed, developed, bitten, trimmed, 
stereotyped and blocked, put on the press about midnight and a hun- 
dred thousand impressions or so distributed by six o’clock next morn- 
ing. We are so surrounded by wonderful things that they cease to be 
wonderful. But it is well now and then to force ourselves to stop and 
think at least for a moment. : 

As the second possible method for the reproduction of our draw- 
ing I named to you the szwed/-gelatine process. In this case we shall 
need an ordinary — or as the professional slang has it, a “straight ’’ — 
negative, that is to say, one that has not been reversed. From what 
follows, aided by the application of the right-left, left-right process, 
you will be able to reason out why. The first step in the swell-gelatine 
process is to lay a thin film of bichromated gelatine on a glass plate 
and to dry it in the dark. It is then exposed under the negative, the 
result being that those parts of the film which were acted upon by the 
light, and which correspond to the lines of the drawing, are hardened 
and lose their capacity of absorbing water and swelling, while the parts 
between the lines retain this capacity. It follows that, upon soaking 
the film in water after the exposure, those parts which were protected 
from the action of the light, and which correspond to the whites of 
the design, swell up, while those which were not, protected, and which 
correspond to the blacks of the design, do not swell. The film in this 
condition represents a mold or matrix, and a cast taken from it could 
be used in the printing press, if it were of a material capable of with- 
standing the pressure. As this is not the case, however, a second 
matrix has to be made from the first cast, and from it a stereotype is 
obtained, which is finished with the graver, etc., and routed where 
necessary, and then made type high by mounting it on a wood block. 
All the casting may be done in plaster; but the first cast is gen- 
erally made in a soft mass, the composition of which each operator 
tries to hold secret. The swell-gelatine process, although patented by 
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Poitevin, in 1855 (see his English patent of that year, No. 2,816), 
was specially brought to perfection by John C. Moss, of New York.} 

A third possibility, finally, is found in the wash-out process. For use 
in this process the gelatine is first rotted, that is to say, kept in solu- 
tion at a high degree of heat until it begins to decompose. It is 
an unfortunate characteristic of all so-called “practical” books never 
to give reasons or indulge in theoretical explanations. In accordance 
with this characteristic none of the books that I have met with on the 
subject give any reasons for this rotting, and I have not as yet been 
able to make experiments in this process myself. It appears, however, 
that the rotting facilitates the washing out, without incapacitating the 
gelatine for setting. A thick film of this rotted gelatine, sensitized by 
admixture of a bichromate, is formed on a plate of glass, from which it 
is removed after it has set. The side which was next to the glass, and 
which is therefore the smoothest, is then exposed under the negative, 
which in this case must again be reversed. The exposure hardens the 
film under the clear spaces of the negative which represent the black 
lines of the original, but leaves it soluble under the dense parts, which 
represent the whites. The film cemented to a zinc plate is now 
treated with warm water for the purpose of washing away the un- 
changed gelatine between the hardened lines, leaving the latter stand- 
ing in relief. As soon as sufficient depth has been obtained the 
washing away, or “development,” is stopped. A film of this kind 
can be printed from, and this is actually done in the “glue-type” 
process. Usually, however, a wax mold is made from the film, and 
from this an electrotype. 

The planographic processes for the reproduction of drawings in 
black lines, that is to say, those processes which produce designs on 
stones or zinc plates, printable in the lithographic press like ordinary 
lithographs or zincographs, are of two kinds, to wit: direct processes, 
which produce printable pictures by the action of light directly on 
stones or zinc plates; and ¢vansfer processes, which involve the making 
of a picture on paper by the action of light, and a transfer from this 
to stone or zinc. As the transfer processes are the only ones now in 
practical use we shall confine ourselves to them, and indeed to only 
one of them —the Osborne process, invented by J. W. Osborne, 
August 19, 1859, and patented by him in Victoria, September 1, 





Since these lectures were delivered John Calvin Moss, born in Pennsylvania in 1838,, 
died in New York, April 8, 1892. 
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1859. It was the first process of its kind of practical value, and the 
changes introduced since its invention affect only matters of detail. 
A sheet of paper, coated with albumen and gelatine sensitized by a 
bichromate, is exposed under a reversed negative. After the exposure 
the sheet is covered over its whole surface with lithographic transfer 
ink. In this condition it is floated on hot water to coagulate the albu- 
men, and it is then “developed” with cold water. The cold water 
causes the gelatine on the sheet to swell, in which condition it has 
practically no affinity for the ink, while the wet sponge with which 
the sheet is rubbed for the purpose of developing it has a very great 
affinity for it. The sponge, therefore, removes the ink from the parts 
between the lines, but it does not remove it from the lines themselves, 
as the hardened gelatine which forms their basis has as much as or 
even greater affinity for it than the sponge. The office of the albumen 
is to hold the photographic image, after coagulation, with compara- 
tively short exposure, to protect the paper during the development, 
and to hold the sheet on the stone during the transfer. Upon the 
completion of the development we have a drawing in transfer ink, 
that is to say, in an ink containing soap, on paper, and this drawing 
can be transferred to stone or zinc in the manner familiar to all lithog- 
raphers, z.e., by laying it down on a stone or zinc plate face downward, 
pulling the two through the press together, wetting the paper from 
the back and carefully removing it, which will leave all the ink on the 
stone or zinc with scarcely a trace remaining on the paper. The stone 
or plate is now prepared in the usual manner, with acid and gum, and 
the result is a true lithograph or zincograph, differing in nothing what- 
ever from a lithograph or zincograph made with lithographic ink and 
a pen. 

As before stated, drawings in absolutely black lines on white paper, 
yielding a perfect black and white negative, are a necessity for all the 
processes so far examined, if the results are to equal the originals. 
Very admirable results have, indeed, been obtained from pencil draw- 
ings, and other drawings with gray lines, in cases in which an artistic 
indication is valued above mechanical perfection. But such perfection 
is often necesSary, and still oftener the wish of the parties for whom 
the work has to be done. As, however, artists’ drawings of the usual 
kind rarely if ever meet the requirements of the processes, these 
latter have given rise to a class of work specially known as “ process 
drawing,” and have brought into use a number of devices, such as 
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grained and printed papers of a great variety of patterns, scratch 
paper, shading mediums, pasting tints, etc., altogether too numerous 
to mention here in detail, and worthy of special study. It cannot be 
denied that much of this kind of work so far done is hideous ; but it is 
quite within the possibilities that it should be good and even refined, 
provided the right sort of designers will take hold of it in the right 
spirit. 

In view of what I have told you so far, you will find it easy enough 
now to understand the making of a photogravure, that is to say, of an 
intaglio plate, from an original in black lines on white paper. All 
we shall have to do will be to use a straight black and white positive 
(a transparency) instead of a black and white negative under which 
to expose our plate coated with asphaltum or bichromated albumen. 
Under such a positive the black lines of the design will be protected 
from the action of the light, whereas those parts which represent the 
white paper on which the black lines are seen will be exposed to it. 
It follows that those parts of the sensitive film on the metal plate 
which represent the lines remain soluble, whereas those which repre- 
sent the ground or white paper are hardened. The development will 
consequently lay bare the metal along the lines of the design, while it 
will leave the resist intact on all other parts of the plate, precisely as 
if the lines had been drawn through an etching ground with a steel 
point, so that they can be bitten in with a mordant in the usual man- 
ner. The process is, in fact, simply a reversal of the relief-etching 
process. 

The use of asphaltum on a metal plate, exposed under a positive 
for the purpose of producing intaglio printing plates, forms the starting 
point of the history of the photo-mechanical processes and of pho- 
tography. Joseph Nicéphore Niepce began his experiments in this 
direction in the year 1813; but he used crude asphaltum with oil of 
lavender as a solvent, and prints or designs on paper, made transparent, 
as printing screens (positives). An impression from one of his plates, 
made in 1824, and still preserved in the museum at Chalons-sur-Sadéne, 
can be seen in the United States National Museum at Washington. 
So far as known this plate is the oldest specimen of photo-mechanical 
process work now extant. 

The fact, however, that the intaglio processes can produce, as we 
have seen, not only black lines but also lines of other values — a fact 
upon which depends much of their attractiveness — makes the frequent 
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reproduction of works in purely black lines by photogravure somewhat 
improbable, and as the processes so far described are incapable of any- 
thing else we shall now have to consider those means which can give 
us gray as well as black lines. It is said, indeed, that Amand-Durand, 
of Paris, who is famed the world over for his beautiful reproductions 
of the engravings and etchings of the old masters, uses the primitive 
asphaltum process. If this statement is true it explains the very care- 
ful and elaborate retouching with the graver which his plates show, the 
photo-mechanical part of the work serving evidently only as a basis 
‘for that of the engraver. But while this retouching does not in any 
way detract from the general beauty of the result it utterly destroys 
its scientific value ; so that it would be quite impossible, for instance, to 
rely upon an Amand-Durand reproduction for the identification of an 
old engraving of doubtful authenticity. 

The problem, then, which next presents itself to us is this: How 
can black lines and gray lines be produced by photographic means on 
a metal plate, which is to be printed on a roller or copper-plate press 
like any other intagliated plate? It is clear that such lines must differ 
not only in breadth but also in depth, becoming narrower or shallower, 
or both, in accordance with the shade of gray which they are to produce 
in the printing. 

Poitevin proposed the swell.gelatine process for this purpose, with 
a positive, reversed this time, instead of a negative. With a “black 
and white”’ positive, like the negatives with which we have dealt so far, 
those parts of the film protected from the light, having been fully pro- 
tected throughout, would swell to even height ; and an intaglio plate 
made from a relief thus obtained would show lines of equal depth 
throughout, and hence printing equally black throughout. But the case 
is different with a positive which is not merely “black and white,” but 
which shows black only where there is actual black in the original, and 
varies in density where there are grays of varying value. Now as the 
power of the gelatine film to absorb water, and consequently to swell, 
will eventually vary in inverse ratio to the amount of light that has 
acted upon it, it follows that it will retain all its capacity of swelling 
where it was entirely protected from the light, and that this capacity 
will decrease with the increase of the amount of light which has passed 
through the less and less dense portions of the positive until where the 
light passed in full force all the swelling capacity will have been lost. 
A bichromated gelatine film exposed under such a positive and then 
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swelled will consequently present lines in relief, the height of which 
must differ in inverse ratio to the amount of light that has acted on 
them. A plate made from such a relief will, therefore, show lines 
which are deepest where they are to print blackest, and which de- 
crease in depth where they are to produce lighter values, the breadth 
at the same time being regulated by the breadth of the lines in 
the original. 

Another possibility grows out of the fact before noted, that dzchro- 
mated gelatine becomes impermeable to mordants in proportion to the 
amount of light that has acted upon it. That is to say, where no light 
has affected it, it allows the mordant to pass most freely ; where it has 
undergone the full effect of the light, it allows none to pass ; and the 
gradations between these two extremes show corresponding degrees of 
permeability. Hence, if we expose a bichromated gelatine film on a 
metal plate under a positive — unreversed in this case —and then ex- 
pose this film to a mordant (under conditions to which I shall have to 
refer later), the action of the latter will differ along each line in accord- 
ance with the variations in permeability produced ; and the result will 
be lines bitten into the plate varying not only in breadth but also in 
depth, and consequently in ink-carrying capacity. 

Quite different from any of the methods hitherto mentioned is the 
one introduced by Scamoni, of St. Petersburg, and named by him hedto- 
electrogravure. It is based upon the fact that collodion negatives, and 
consequently also collodion positives, on glass show a perceptible relief. 
Such a positive, made from an engraving with collodion of a special 
quality, is so treated as to increase the relief of the lines as much as 
possible, and a plate is then made from it by electrodeposition. Con- 
siderable hand work is necessary, however, to finish the plate. 

What may be termed a modification of the wash-out process has also 
been used for the reproduction of line work intaglio plates. A relief 
consisting of lines in hardened gelatine, differing in height according 
to the amount of light that has acted on them, is formed on a 
metal plate, and an electrotype made from this relief furnishes the 
printing plate. The process will be found described in Husnik, 
Heliographie, second edition, Vienna: 1888, page 60, etc. It cannot 
be understood, however, without some knowledge of the pigment or 
carbon printing process, to which I shall have to call your attention 
later on. 

We have so far confined ourselves entirely to the methods used in 
the reproduction of /zxe work. The rest of our time must be given to 
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the study of the processes employed for making printable blocks and 
plates from half-tone originals, that is to say, originals which show 
structureless grays in flat as well as in gradated masses, such as India 
ink drawings, black and white gouaches and oils, water colors, oil paint- 
ings, and lastly, but certainly not least, photographs from nature. It 
will be best in this case to begin with the zutaglio processes, not only 
because they are the first historically but also because they are more 
easily understood than the planographic and relief processes. It would 
be very interesting to indulge in an historical survey, and to examine 
Niepce’s experiments with asphaltum ; Pretsch’s photo-galvanographic 
process, which involved the reticulation of gelatine, etc.; but we must 
restrict ourselves, as the subject is too vast, and even the examination 
of the methods generally used at present is likely to claim more time 
than you have allotted to me.! 

The methods just alluded to depend on the varying degrees of 
permeability retained by a film of bichromated gelatine spread on a 
metal plate after exposure under a half-tone positive. The compara- 
tive resistance to the action of a mordant of the various parts of such a 
film along a straight line may be represented by a curve, the highest 
parts of which indicate the points of greatest resistance, while the 
lowest correspond to those of least resistance. It goes without saying 
that the action of the mordant through such a film will reproduce the 
curve in the copper plate, that is to say, at the point of greatest re- 
sistance the plate will not be attacked at all; at the point of least 
resistance it will be attacked most vigorously, and therefore bitten away 
most deeply ; and the various degrees of resistance between these two 
extremes will be represented by cavities in the plate, varying in depth 
with the degree of resistance. The bitten plate, therefore, contains the 
original picture transformed into a mold for a relief, the deepest parts 
of which correspond to the blacks, the less deep parts to the grays 
and those parts which have no depth at all, that is to say, where the 
surface of the plate has been left intact, the whites of the picture. 
Now if we can fill this mold with printing ink, and then transfer the 
relief in ink thus formed to paper, we shall have a reproduction of the 
original in all its gradations from black to white. This is impossible, 
however, as we have seen, owing to the necessity of wiping the sur- 
face of the plate in order to clear the whites. The cavities which 
hold the ink being very shallow and broad, the hand or the rag with 
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which the wiping is done cannot help entering them, and therefore re- 
moving the ink from them. It follows that the method is useless unless 
a grain or tooth can be given to the plate which, while it does not 
interfere with the gradations needed, will yet form a support for the 
hand or rag in wiping, and will thus enable the plate to retain the 
ink while its surface is being cleared. Various methods have been 
proposed and used for the production of this grain or tooth. 

The first of these methods may be called the photogravure screen 
process. If we take a transparent screen of some kind which will trans- 
mit the light at regular intervals and exclude it between these inter- 
vals — a piece of woven stuff, for instance, or best of all a glass plate 
upon which have been ruled very fine black lines parallel to one another 
or crossing one another —and expose under it a metal plate coated 
with bichromated gelatine, the result will be that all those points 
of the film acted upon by the light traversing the openings of the 
screens will be hardened and become impervious to fluids. If we now 
expose a plate so prepared to the action of a mordant, this latter will 
bite through those parts of the film which have remained soft, and con- 
sequently will form pits in the plate ; whereas it cannot act on the plate 
where it is protected by the hardened parts of the film, and the corre- 
sponding parts of metal will therefore be left standing in relief. Hence 
we have now a plate which consists of minute ridges of metal, even at 
their tops with the surface of the plate, with minute depressions be- 
tween. If we ink this plate, then wipe it and take an impression from it, 
we shall find that it has held the ink very well, but that the impression 
is of the same quality of black throughout. The question now is: Can 
we combine the gradated biting through a film exposed under a half- 
tone positive with the ink-holding capacity of a plate treated as just 
described? The desired result can be accomplished by first exposing 
the plate coated with bichromated gelatine under the screen, then 
exposing it a second time under the half-tone positive and then biting it 
in (etching it). The screen secures the grain or tooth needed, and the 
half-tone positive secures the gradations in depth between the ridges 
of metal which form the grain ; and as the mordant bites not only down- 
ward but also sideways, it reduces at the same time the size of the metal 
ridges in the darkest parts, while it leaves them broader in the lighter 
parts, the action varying according to the energy which the mordant 
exercises on the various parts of the plate. It will be seen, therefore, 
that the gradations produced are the result not only of the depth of 








Ani it a Rt SARS 




















The Photo-Mechanical Processes. 187 


the ink-holding cavities but also of the quantity of metal left standing 
between them. This is the process called photoglyptic engraving by F ox 
Talbot, and patented by him in England, in 1852. In the same patent 
nearly all the other contrivances are described which have since been 
perfected, and which have given their usefulness to the photogravure 
processes of to-day, most of which are based on them. Other experi- 
menters have also used screens in photogravure processes — among 
them Egloffstein, one of the earliest workers, if not the earliest worker, 
in this field in the United States; but it may be said that they have 
been practically abandoned, and that an aquatint ground laid on the 
plate itself has been substituted for them. Fox Talbot was again the 
first to suggest and use such a ground, but the method of forming 
the film in the photo-aquatint process of to-day is the result of devel- 
opments which have taken place since Talbot’s day. 

The photo-aquatint process, the perfecting of which is generally 
credited to Klic, of Vienna, and by which the very largest part of the 
photogravures published at present are made, involves the pigment or 
carbon printing process, and we must therefore familiarize ourselves 
with this latter before we can proceed. The pigment printing process 
is an outcome of the desire to substitute a material promising more 
stability for the silver which forms the image in the “ silver-prints ”’ of 
ordinary photography. The aim was to substitute carbon, which is the 
coloring matter of printing ink, or other stable pigments for the silver ; 
but as these bodies are not affected, or at least not sufficiently affected, 
by light, their direct use was out of the question. It was seen, there- 
fore, that they must be combined with some other matter which had 
the required qualities, and which might be removed after exposure in 
proportion to the action of light on the various parts of the picture. 
Of course the removal of this medium would carry with it, also, the 
carbon or other pigment, and, as more or less of the medium was left, 
more or less of the carbon or pigment would likewise be left ; and thus 
a picture ina permanent color — as far as permanency goes in mundane 
things — would result, its permanency depending, however, on the 
permanency of the medium. In the history of this process we have 
again a subject which might easily tempt us to linger over it, for it is 
exceedingly curious to see in it how long it generally takes mankind 
to find out what seems patent to every one after it has been found out. 
However, we must check ourselves, and be content with an outline of 
the process as it is practiced to-day. 
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The first step in the carbon or pigment printing process is to coat 
sheets of paper with gelatine mixed with carbon or some other inert 
pigment. In this condition the sheets may be kept ‘or a long time. 
If a carbon print is to be made a sheet of this paper is soaked in 
a solution of potassium bichromate, and dried in the dark. It is then 
exposed to the light under a negative, say a negative made directly 
from nature. Upon the removal of the negative after the exposure 
the surface of the paper —of the “carbon tissue,’’ as it is technically 
called —is still simply black, blue or of whatever color the pigment 
mixed with the gelatine may have been. The light has penetrated 
most deeply where its action was strongest, that is to say, under the 
clear parts of the negative, and has hardened the gelatine as far as it 
has penetrated. In the other parts it has penetrated more or less 
deeply according to the varying degrees of density in the negative, and 
has, therefore, also hardened the gelatine film to a greater or less depth. 
Under the densest parts of the negative it has left it entirely soluble, 
or at least very nearly so. Now I want you, if you please, to stop 
once more to do a little extra thinking and a little extra admiring. 
What is the result of the operations I have just described to you? 
The result is that we have imbedded in our film, which is so thin that 
we cannot measure it by ordinary means, a relief in hardened gelatine 
which in its variations of height represents all the innumerable shades 
and gradations of the original! The delicacy of such a relief is so 
extraordinary that we cannot realize it, and yet our reason tells us that 
it must exist when we finally see the result on white paper. Here 
again is one of those marvelous facts, one of those great wonders to 
which we are indifferent simply because we do not stop to think. 
The question now is how to get at this relief; how to take it out 
of the surrounding mass of gelatine which has remained soft. The 
answer seems simple enough: Wash it out! But here an unpleasant 
difficulty presents itself. The sheet on which the film is spread was, 
of course, exposed under the negative on the film side. The action, 
therefore, began on this side, and it follows that the basis of the 
relief, that is to say, its back or flat side, is on top, while the soft 
gelatine which is to be washed away is between the relief and the 
sheet of paper which bears the film. If, therefore, the sheet were 
washed in the condition it is now in our hardened gelatine relief 
would float away in pieces, and our labor would be lost. To prevent 
this disaster it is necessary to attach the sheet to a second sheet, film 
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downwards, by means which need not here be particularized, before 
the “development” or washing away of the soft gelatine takes place. 
This done, the relief has a support on its under or flat side, and 
consequently cannot float away. You will now understand from what 
I have told you that a carbon or pigment print is a film of hardened 
gelatine charged with a pigment, varying in thickness according to the 
depth of shade to be produced, and attached to a sheet of paper or 
some other substance, as, for instance, glass, in which case the result- 
ing picture is called a carbon transparency. The process here de- 
scribed —- the single transfer process —is available only in case a 
reversed negative has been used, or for subjects in which the ques- 
tion of right and left is of no importance. With an ordinary negative 
the double transfer process must be resorted to, that is to say, the 
development must be done on a temporary support, and the developed 
picture transferred once more to its final support. 

We may now proceed with the examination of the photo-aguatint 
process, as it is generally practiced to-day. The first step will be to 
lay a dry aquatint ground on a metal plate. This is done by powder- 
ing the plate with some resinous substance, usually asphaltum, and 
then heating it just sufficient to make the particles adhere to it. 
The minute specks of resin thus fastened to the plate being indif- 
ferent to the mordant protect the plate from its action, whereas in 
the channels between them it goes on without hindrance. The aqua- 
tint ground, therefore, serves the purpose of the first exposure under 
a screen, as practiced in Fox Talbot’s photoglyptic process. Over 
this ground is mounted a negative gelatine film made by the pigment 
printing process. To obtain this a reversed positive on glass (carbon 
transparency) has first to be made, the necessity for which will become 
apparent when the nature of the manipulations in the pigment print- 
ing process, which involve the turning of the film, are considered. 

We have now a metal plate, generally of copper, with an aquatint 
ground laid on it to produce the tooth or grain, and mounted over that 
a hardened half-tone negative gelatine film, thickest where the biting is 
to have no, or the least, effect, and gradually becoming thinner in those 
parts in which it is to increase in depth, and therefore fit to regulate 
the biting in accordance with the gradations to be obtained. By way 
of parenthesis I may add here that the pigment in the gelatine film is 
not an absolute necessity. A clear gelatine film would do as well; but 
it is obvious that the pigment facilitates the operation of developing 
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the film, inasmuch as it enables the operator to see more clearly what 
he is doing. The rest of the process requires no further explanation, 
so far as the principles involved are concerned, in the light of what 
I have already told you. A few words must be said, however, con- 
cerning the mordant used, and the manner of using it. Two kinds 
of mordants are employed for etching — effervescent, such as nitric 
acid, which evolve gas, and therefore bubble, and still, which act with- 
out effervescence. An effervescent mordant cannot be used in the 
processes which make use of a gelatine film as a resist, since the 
biting takes place wnder the film, and the bubbles, which rise with 
great energy, would consequently tear it up. A solution of perchloride 
of iron is therefore used, which is a still mordant. It is worth noting, 
also, that successive baths of varying strength are used for the biting. 
A concentrated solution of the perchloride penetrates only the thin- 
ner parts of the film, while a more diluted solution acts also through 
the thicker parts. The biting, therefore, is begun with a strong solu- 
tion, which acts only in the darkest parts, and this is followed up with 
weaker and weaker solutions, which continue the biting in the darks, 
and at the same time carry it on gradually towards the lights. You 
will see from this that the gradations do not depend simply on the 
variations of permeability in the film, but that they are assisted by 
the succession of solutions of different density which are under the 
control of the operator. The biting having been completed the plate 
is worked over, if necessary, with the burnisher, to brighten the lights, 
and with roulettes, gravers, etc., to strengthen the darks 

A modification of the photo-aquatint process, into which the pig- 
ment printing process does not enter, is known as photogravure Gilbo. 
A bichromated gelatine film is formed on the metal plate, and ex- 
posed under a positive. After exposure an aquatint ground is laid on 
top of the film and fixed by heat, as usual. The mordant is again 
perchloride of iron (or nitrate of silver); but instead of beginning with 
a concentrated solution, a weak one is first used, so as to produce the 
lighter shades upon the plate. The film is then removed and a proof 
taken. A second film is now laid on the plate, with an aquatint ground, 
and the biting is repeated. The second aquatint ground used is coarser, 
however, than the first, and the biting is done with a stronger solution, 
so as to leave the delicate tints as they were obtained by the first 
biting, while the depth of the middle tints is increased. The operation 
is repeated a third, and even a fourth time, etc., if necessary, with in- 
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creasingly coarser grounds and stronger solutions, so as to give the 
final strengthening to the deeper shades of gray and to the blacks. 
The plate is completed by burnishing, rouletting, etc., as before. 

There are other photogravure methods, but the tendency is to keep 
them secret. One of the processes, for instance, worked by Boussod, 
Valadon & Co. (formerly Goupil & Co.), of Paris, and invented by 
their technical manager, Mr. Rousselon, is understood to be a deposit 
process, the printing plate being produced by means of electro-deposi- 
tion on a wash-out relief —a Woodbury relief, of which we shall hear 
more presently — charged with gritty matter. The beauty of the 
plates produced by this process is largely due, however, to the careful 
and artistic hand-finishing bestowed on them. 

Our next subject will be the planographic half-tone processes, or, 
in other words, half-tone photolithography and zincography. Again we 
are tempted to linger over the history of the subject, and again we 
must confine ourselves to a furtive glance —a necessity all the more 
to be regretted as the history of photolithography is quite varied. 
In the older processes, notably that of Lemercier, Lerebours, Barres- 
will and Davanne, asphaltum was used directly on stone; Poitevin 
essayed albumen and bichromate directly on stone; Asser worked 
out a transfer process with starch and bichromate, and Toovey used 
gum and a bichromate for the same purpose! All these processes 
have come to naught, however; and so has that, also, of Lodovic H. 
Bradford, which, nevertheless, I shall ask you to consider a moment 
on account of the local interest which it has for us, since Bradford 
was not only one of the early photolithographers of America, but 
moreover a Bostonian. In his process a lithographic stone, grained 
for half-tone or polished for line work, was sensitized with gum arabic 
and a little sugar, mixed with potassium bichromate, and exposed 
under a positive or in the camera. After the exposure the unchanged 
gum was washed away, leaving the stone exposed in those parts which 
were to take the ink. It was then treated with soap water, rolled up 
in ink and etched like an ordinary lithograph, the etching removing at 
the same time the hardened gum on the exposed parts. Bradford’s 
process was patented in 1858 (by Cutting & Bradford). Specimens 
of it still extant — portraits and portrait groups made under positives, 
and views in Boston photographed directly on the stone in the camera 
— show that, like most similar processes, it gave results which came 
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very near success and yet never reached it fully. Very likely it 
failed, in company with all other direct processes, from the fact that 
the development had to be done from the wrong side, that is to say, 
from the surface which had been exposed to the light. The unchanged 
matter to be washed away was, therefore, under the hardened surface, 
and the result was a somewhat ragged image lacking in half-tones. 
Some of these processes, moreover, were not at all true photolitho- 
graphic processes —a term that can be applied to such processes only 
in which the image is really formed by combination of fatty acids 
with the stone or zinc, as in the original planographic processes. In 
Lemercier’s asphaltum process, as well as in Poitevin’s albumen process, 
the ink was taken up, not by the stone itself, but by the hardened 
asphaltum and albumen left on the stone after development. As 
this wore away, the ink, no doubt, gradually penetrated to the stone ; 
but this was an uncertain process, and in it, probably, lies the explana- 
tion of the fact that stones prepared by these methods yielded too 
few impressions to make them commercially available. Nevertheless, 
I must not neglect to tell you that the asphaltum process directly 
on stone under negatives has lately come into use again somewhat 
extensively for color work, rather as an auxiliary to the lithographic 
artist, however, than independently. 

The processes mostly used to-day to produce half-tone on stone 
or zinc are transfer processes, based upon the reticulation of gelatine. 
These transfers are made from gelatine films exposed under negatives, 
and so treated, by the admixture of chemicals and drying under spe- 
cial conditions, that they assume a reticulation or grain varying in 
size and closeness according to the amount of light that has acted 
upon the different parts of the film. If such a film is inked while 
wet it takes up the ink on the exposed parts, as I told you before, 
in proportion to the exposure. An impression from a film so rolled 
up is made on transfer paper, and then transferred to stone or zinc 
in the usual manner. These films are really collographic printing 
surfaces —of which we shall hear more shortly — with a grain pur- 
posely exaggerated. Photoiithographs of this kind may be found 
among the illustrations of the American Architect, and the “ ink 
photos” made by Sprague & Co., of London, are the result of a 
similar process. 

A late form of half-tone photolithography, called the Bartostype, 
from its inventor, J. Bartos, of Bohemia, is based on the capacity of 
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hardened bichromated gelatine to withstand the impact of the sand 
blast in proportion to the length of exposure. A stone or zinc plate 
is coated with a varnish made of asphaltum and mastic. Upon the 
stone or plate so prepared a gelatine wash-out relief, made by the 
pigment printing process, is mounted and treated with a mixture of 
glycerine and water, in which a small quantity of alum has been dis- 
solved. The stone or plate is now exposed to the sand blast, which 
destroys the gelatine film or relief, at first in its thinnest parts and 
gradually also in its thicker parts. The destruction of the gelatine 
film lays bare the varnish, and allows the sand blast to act on it in 
proportion to the gradations of the original from which the relief 
fiim was made. The result is a picture on the stone or plate in which 
the darks are represented by the varnish, the lights by the bare stone 
from which the varnish has been removed by the sand blast, and the 
gradations between the two extremes by the varnish more or less 
perforated by the blast. The stone or plate is now gummed, and 
after the varnish has been removed with turpentine it is rolled up, 
and otherwise treated like a lithographic transfer. The result, as 
you will see, is a true lithograph. 

We now come to what is, technically considered, the greatest 
triumph of the photo-mechanical processes, the production of relief- 
blocks from half-tone originals, — the transformation of a portrait pho- 
tograph, or of a photograph from natural scenery, or from a washed 
drawing or a painting, into a block broken up into masses of dots, 
according to the requirements of relief printing, so that it can be 
worked in the type press, —and all this without the intervention of 
designer or engraver. 

Once more we must ignore history, and even such interesting 
early attempts as Paul Pretsch’s,! which involved the reticulation of 
gelatine; but once more, also, we must make an exception in favor 
of at least one extinct process, partly owing to the peculiar interest 
it offers, and partly again from local considerations, although the in- 
ventor in this case was not a Bostonian, but a Philadelphian. I allude 
to the original /ves process, invented by F. E. Ives (1881), and not to 
be confounded with the process at present called by the same name, 
which is merely an application of the screen process to be described 
hereafter. The Ives process may be outlined as follows : If a bichro- 
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mated gelatine film, spread on a glass plate, is exposed under a half- 
tone negative, and after exposure is washed, so as to remove the un- 
changed bichromate and thus stop further action under the influence 
of light, and at the same time to cause those parts of the gelatine 
which have retained the capacity of absorbing water to swell up, we 
shall have a relief, the highest parts of which represent the high lights 
of the original, while, per contra, the lowest parts represent the blacks. 
It follows, furthermore, that the various grays will be represented by 
elevations in the relief varying with the value of the grays. Such 
a swell-gelatine relief forms the starting point of the Ives process. 
From it is made a plaster cast, in which, as a matter of course, all the 
relations are reversed, that is to say, in which the blacks are repre- 
sented by the highest, the whites by the lowest parts. Against this 
cast is pressed a gelatine film, mounted ona glass plate, which has 
been cut up into lines, or into dots by lines crossing one another, and 
charged on the surface of the lines or dots with printing ink. As this 
film comes into contact with the cast, the lines or dots, being elastic, 
are compressed in proportion to the height of the relief, and therefore 
produce on it larger and smaller black dots; while in the deepest parts, 
where the lines or dots cannot reach the surface of the cast, it remains 
white. The result is that the relief is covered with black dots, which 
are largest in those parts of it corresponding to the blacks of the 
design, and gradually decrease in size as the gradations of the original 
approach white. From the cast so stippled a black and white negative 
is made, and by its means a block, by either the etching, swell-gelatine 
r wash-out method. 

A process similar to the Ives process was invented by Petit in 
France. He blackened a plaster cast from a swell-gelatine relief all 
over, and cut through its surface in parallel or crossing lines by a 
V shaped point, traveling always in the same plane. The point cut 
a wider line in the highest parts of the blackened relief, and therefore 
removed more of the black in them than in the lower parts, while in 
the very lowest, which it could not reach, it left the black solid. It 
is evident from this that Petit must have made his relief from a posi- 
tive, or else must have made a true cast from the mold first obtained 
from the relief. 

Another method for obtaining half-tone relief blocks is the mezzo- 
type or photo-aquatint in relief. Briefly stated, it’ is the reversal of 
the photo-aquatint intaglio process. A sensitized, that is to say, bi- 
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chromated gelatine film is formed on a metal plate, and an aquatint 
ground is laid on it after it has been exposed under a reversed nega- 
tive, or a positive gelatine film produced by the pigment printing 
process is mounted over an aquatint ground, and the whites are bitten 
away by a still mordant. 

Most half-tone relief blocks, however, are at present made by what 
may be called the relief screen process. The most interesting and im- 
portant part of these processes is the making of the black and white 
half-tone negative, for, this negative once produced, the operations 
that follow are immaterial to us, as the block may be made from it 
by any suitable means. 

Now, I said purposely the dlack and white half-tone negative, a 
form of expression which seems to involve, and under ordinary cir- 
cumstances would involve, a contradiction in terms. For what is 
“black and white,’’ in the sense in which we have used this expres- 
sion, cannot at the same time be “half-tone,” that is to say, can- 
not show gradations from black to white through “structureless 
grays.”” Nor do the relief half-tone blocks show structureless grays; 
they merely simulate them by breaking up the structureless masses 
into masses of black dots interspersed with more or less white, and 
they try to make these dots so small and to place them so closely 
together that even at a short distance they will merge into grays on 
the retina. They try, in fact, to be among relief printing processes 
what mezzotint is among the intaglio processes, for we have seen 
that even in the most delicate mezzotint the grays are not really 
structureless. But, as a matter of course, they will never be able to 
rival mezzotint in fineness and richness, owing to the limitations of 
relief printing. 

As before stated, the main interest in the screen processes is 
offered by the making of the black and white half-tone negative, and 
we must, therefore, above all things, make clear to ourselves the differ- 
ence between such a negative and an ordinary half-tone negative. It 
will be best understood if the latter is considered as a washed India 
ink drawing, and the former as a stipple drawing made from it with 
the pen, with absolutely black ink and with mathematical precision 
in the placing of the dots; and in which, moreover, the dots in the 
darker portions are so managed as to run together in such wise that 
the appearance is produced of white dots on a black ground — these 
white dots growing smaller and smaller until they disappear altogether 
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in the solid blacks. The question now is: How can this transforma- 
tion be accomplished, or, more correctly speaking, how can such a neg- 
ative be obtained from an original of any kind? The process is simple 
enough, at least apparently. A wet collodion plate is placed into the 
camera, and before it, at a slight distance from it, a glass screen ruled 
with fine black lines, —in most cases, or perhaps in all cases at 
present, lines crossing one another. The fineness of these screens 
may be realized from the fact that the number of lines to the inch 
ranges from eighty to two hundred and forty. The rays of light re- 
flected by the picture or other object to be photographed naturally 
pass through the clear spaces of this screen on their way to the sen- 
sitive plate, while all light is cut off by the black lines of the screen. 
It is evident that the image produced on the plate must consist of 
isolated dots. But what kind of dots? 

We are here brought to another thinking stop by a most curious 
action of light, which the facts so far stated do not in the least ex- 
plain. Nor will the limits of time set me allow me to enter into details 
concerning the explanations hitherto attempted with —as it seems to 
me — but little success. I must, however, call your attention to the 
difficulties in the way. 

It is, of course, an easy matter to make from a positive a negative, 
or from a negative a positive, broken up into isolated dots. We may 
draw lines on the original crossing one another, or we may perforate 
it, or we may lay some kind of netting upon it, and having so prepared 
it, we may make our negative or positive from it, as the case may be. 
The result, however, will be a picture in dots of equal size but differing 
in intensity, that is to say, some black, some dark gray, some lighter 
gray and so on. Here is a photograph of this kind made by Mr. 
Thomas Gaffield quite a number of years ago, before any one, at least 
in this country, was thinking of half-tone relief blocks. It is distinctly 
broken up into dots, but they are equal in size and different only in 
intensity. Now we know, from our previous investigations, that a 
negative of this kind will not do for the making of relief blocks, since 
gray lines or dots will either not reproduce at all, or will be rotten, or 
will come up a solid black, and will, therefore, be too heavy. It was 
this experience, as we saw, that led to special methods of drawing for 
process work. What is wanted is a negative having dots not of the 
same size and differing in intensity, but on the contrary differing in 
size and of the same intensity. And this the screen, as used in the 
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process here illustrated, gives us. Where the brightest light falis upon 
the sensitive plate in the camera through the apertures in the screen it 
overpowers to a certain extent the black lines of the screen, the action 
diminishing as the force of the light diminishes, until in the blacks 
there is no action at all. Or it may be said that centers of develop- 
ment are first established where the brightest light penetrates, the 
action again diminishing, or beginning more tardily, as the intensity 
of the light reflected by the original diminishes. However this may 
be, the result is that the succeeding development and intensification 
of the latent image produces equally black dots, differing in size, and 
therefore, as a matter of course, interspersed with more or less white 
(since the distance from center to center of each dot is always the 
same), in tolerably exact proportion to the gradations of the original. 

The use made of the screen in these relief processes must not be 
confounded, as has sometimes been done, with the use made of it by 
Talbot in his photoglyptic (intaglio) process. <A little consideration 
will show that the principle involved, as well as the result reached, 
is quite different. The oldest known process belonging to the group 
under consideration seems to be that patented by Moritz and Max 
Jaffé, of Vienna, on March 1, 1877, in which bolting cloth was used 
as a screen. The practical introduction of the screen processes for 
relief work dates, however, from the year 1882, when Meisenbach, of 
Munich, took out his patent. The descriptions given of the manner 
in which the screen is used in the Meisenbach process vary, and it is 
quite likely that changes have been introduced since it was first made 
known. The present method seems to be to place a screen ruled 
diagonally (not cross-lined) at a slight distance before the sensitized 
plate in the camera, and after a short exposure to turn the screen, 
or rather to substitute another for it, so that the lines on it run in the 
opposite direction, and to expose the plate a second time. 

The unpleasant features of these screen processes are :— The uni- 
formity of texture produced by them; the mechanical regularity of 
the grain, to overcome which screens of other patterns, with irregular 
grains, etc., have been tried; and the impossibility of rendering white, 
since the screen, even in the highest lights, asserts itself sufficiently 
to produce a light gray. This last difficulty may, indeed, be overcome 
by a judicious use of the graver or by the skill of the etcher; but 
unless these adjuncts to the process are employed artistically, which 
they rarely are, they are more likely to mar than to help the beauty 
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of the effect. Nevertheless it must be admitted that, with suitable 
originals and with the best of printing, these half-tone relief processes 
have given results which are very attractive in their delicacy. 

The question as to the way in which the light acts in these proc- 
esses is complicated still further by the various modifications which 
have been introduced for the attainment of the same result. Nega- 
tives have been sprinkled, in which case the screen may be said to 
lie directly on the film; glass plates have been prepared with a sen- 
sitive film, exposed under a screen, developed, and a second sensitive 
film laid on the plate, so that the screen lies under it; and barium 
sulphate has been mixed with the sensitizing mixture, forming opaque 
specks in it, in which case, manifestly, the screen is in the sensitive 
plate itself. Finally a process was patented not long ago, in which 
the picture is projected on to a lined screen, and a half-tone negative 
obtained by photographing the image on the screen. All these proc- 
esses, however, seem to give but imperfect results, and I believe I am 
warranted in saying that none of them are practically in use. 

We must finally devote such time as is left us to two processes 
which are of quite peculiar interest, as not only the methods used in 
the production of the printing forms, but even the resulting printing 
forms themselves, are entirely novel. The plates and blocks produced 
by the processes so far investigated differ essentially, in their technical 
. features, in nothing from-the plates and blocks produced by the old 
hand processes. The photo-relief blocks are inked and printed just 
like an engraved wood block or an electrotype from it ; a photo-intaglio 
plate is treated just like any other intaglio plate ; and a photo-lithograph 
or photo-zincograph, once produced, differs in nothing in its treat- 
ment from an ordinary lithograph or zincograph. It is different with 
the collographic process and the Woodburytype. They come as near as 
may be to the requirements involved in the term “a printed photo- 
graph,” and indeed most people find it difficult to distinguish them 
from ordinary photographs. Furthermore, the Woodburytype has the 
unique distinction of being that seeming impossibility, a picture 
produced in a press, and yet, without the least doubt, offering structure- 
less grays. 

The collographic process (heliotype, collotype, phototype, albertype, 
artotype, etc.), from olla, glue, and graphein, to grave, is so called be- 
cause the printing form isa film of gelatine, which is glue, on a sup- 
port of some kind. Of these supports a great many have been tried, 
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with a view to securing a firm attachment of the film. The great 
difficulty with the earlier operators, among whom Tessié du Mottay 
and Maréchal may be named as the more successful, was to prevent 
the film from tearing away from its support. The consequence of 
this tearing away was that only a small number of copies could be 
printed at a time. Of these various forms of the process we can, 
of course, consider only a very few. The general feature of all of 
them is that films of bichromated gelatine, to which a small quantity 
of chrome alum has been added, are dried under certain conditions of 
atmosphere and temperature, which are secured by the use of specially 
constructed drying ovens, and are then exposed under reversed nega- 
tives. These latter are by preference, in this country at least, film 
negatives, that is to say, instead of being mounted on glass they are 
mounted on gelatine films. This is due in the first place to the ease of 
preservation offered by such negatives, their preservation being neces- 
sary, since, even with all modern improvements, a collographic printing 
film is still a tender object, and may, therefore, have to be renewed re- 
peatedly, especially in'case of a long edition ; and, secondly, to the fact 
that they give better contact. After exposure the film is washed, so 
as to remove the unaltered bichromate, as otherwise the gelatine would 
harden uniformly throughout under the influence of the light during 
the process of printing. A film so treated consists of gelatine in its 
normal condition in those parts representing the lights of the picture, 
of hardened gelatine in those representing the blacks, and of gelatine 
hardened proportionately more or less in the gradations between white 
and black. It is, in fact, a swell-gelatine relief, in which, however, 
the relief is purposely kept as low as possible so as not to interfere 
with the inking. If such a film is rolled up in printing ink while it is 
moist, it accepts the ink in due proportion on the blacks and grays of 
the picture, and rejects it on the whites, like a lithographic stone. 
The printing is, indeed, done on lithographic presses (except in one 
of the varieties to be mentioned) slightly modified, that is to say, with 
less tension. To keep the film moist and yet guard it from injury by 
repeated manipulation, it is soaked —or “etched,” as it 1s improperly 
called — in a mixture of water and glycerine, to which a small quantity 
of ordinary salt has been added. The inking is usually performed 
with two rollers,— a leather roller with stiff ink for the darker parts of 
the picture, and a glue roller with thin ink for the lighter parts and 
tints. Steam presses are also largely used for collographic printing. 
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The most common supports used for the printing films are glass 
plates. . Albert, of Munich, who coined for his products the name of 
«« Albertotype”’ or “ Albertype,” is said to have been the first to over- 
‘come successfully the difficu’ty of making the film adhere to the glass. 
He formed on the latter a preparatory film of albumen and bichromate, 
which he exposed through the glass, so that its hardened side was in 
direct contact with the glass. The second, or printing film, was then 
formed on this preparatory film. 

An improvement on Albert’s method, which did away with the 
necessity of two exposures, was the substitution for the bichromated 
albumen of water-glass and albumen, or water-glass and stale beer, for 
the preparatory film. Water-glass, which is a soluble alkaline silicate, 
forms an insoluble porous body with organic substances, such as 
albumen, etc., and adheres to the glass with great tenacity, thus form- 
ing an excellent substratum for the printing film. 

Copper plates slightly roughened are also used as supports, and in 
this case no preparatory film is needed as the film adheres sufficiently 
to the metal. Their use is more limited, however, than that of glass 
plates, in consequence, probably, of higher cost and of their opacity, 
which does not admit of the examination of the film from the back 
during the process of exposure under the negative. 

Another variety which I may mention to you is that in which loose 
printing films of gelatine toughened by the admixture of alum are 
used, the moistened film being attached to temporary metal supports 
by atmospheric pressure, and the printing done in platten presses 
(with pressure from above) instead of lithographic presses (with scraping 
pressure). The name “heliotype” has been more especially applied 
to this variety, which was invented by Ernest Edwards, formerly of 
London, later of Boston, and now of New York. 

After this mere statement of facts we are again confronted by the 
‘question : How is the action of the light to be explained in this case ? 
And this question will have to be followed by another: Why does 
the bichromated gelatine act as it does after exposure? The simplest 
way is to assume that the light closes the pores of the gelatine in 
proportion to the amount of exposure, and consequently robs it in 
inverse porportion of its faculty of absorbing water, so that it accepts 
most ink where it is driest, less where it is more moist, and none 
at all where it is charged with water to its full capacity. But it is 
apparent, upon examination of a collographic print or plate, that it 











The Photo-Mechanical Processes. 201 


shows a decided grain, due to the vermiculation or reticulation of 
the gelatine, however fine that may be. Husnik describes a plate 
promising good results as follows: “It is exceedingly fine grained, 
almost transparent in the highest lights, increases in roughness as it 
approaches the half shades and shades, and again decreases somewhat 
in the darker shades, until sometimes, in the absolute blacks, no grain 
at all is visible.’ Nevertheless, the same authority maintains that 
plates without any grain,— which can be obtained by a change in the 
method of drying the film,— can also be used for printing, provided 
they can be kept moist, which is more difficult than with grained 
plates, as these open a passage to the water through the clefts be- 
tween the vermiculations. We may take leave of the subject with 
the remark of Husnik, that “it is difficult to explain the formation of 
the grain,’ without following him into the explanations which he 
suggests. 

We have now reached the last chapter in our review of this vast 
and interesting field, to wit, the Woodburytype, so named from its 
inventor, and, as I have already told you, the only printing process 
that can claim to produce structureless grays. Gelatine is the main 
factor in this process, to a greater extent even than in the other proc- 
esses which we have investigated. A bichromated gelatine film is 
formed on a piece of glass coated with collodion. After it has been 
dried in the dark and stripped from the glass it is exposed from the 
back, that is to say, the collodion side, under a straight (unreversed) 
negative. It is then mounted on a glass plate with rubber cement, 
collodion side down, and developed like a carbon print. To facilitate 
the development by enabling the operator to watch its progress, the 
gelatine has been charged with carbon, and the result is, therefore, a 
true carbon print, or in other words one of those marvelously delicate 
reliefs in hardened gelatine which I asked ‘you before to admire when 
we were speaking of the carbon or pigment printing process. This 
relief having been dried and hardened, it is stripped once more, laid, 
face downward, on a plate of lead, and exposed to powerful pressure. 
Our first idea will be that the delicate relief will be crushed and the 
lead plate left flat as before. This is not the case, however. The gela- 
tine relief is left perfectly intact, so that it can be used for the same 
operation a number of times, and the lead plate has been transformed 
into an exceedingly shallow mold, deepest where the relief was highest, 
and highest where the relief was lowest. This lead mold, therefore, 
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is in the same condition in which a metal plate would be which had 
been etched through a half-tone gelatine film, without some devise 
for producing a grain. Naturally, if the mold were filled with printing 
ink and wiped as usual, the result would be a failure. The difficulty 
is overcome in this case by the printing ink and the press used. 
The printing ink is a hot solution of gelatine, in which a pigment is 
suspended ; the press is virtually a platten press, in which the pressure 
is exercised by a flat platten from above, which presses the paper 
against the form, but not into its cavities. The form is oiled, the 
hot gelatine solution poured into it, paper of a special kind laid upon 
it, the platten brought down, which squeezes out the excess of ink, 
and the whole is allowed to rest until the gelatine has cooled and set. 
The press is then opened, and the paper carefully removed. It goes 
without saying that the gelatine ink adheres to the paper, and is lifted 
by it out of the oiled form. The result is a gelatine relief of the ut- 
most delicacy attached to paper, — in reality a carbon or pigment print 
produced mechanically. The process has given most admirable results, 
unrivaled in brilliancy and depth of effect, as well as in sharpness of 
detail; but it is, nevertheless, open to objections which have prevented 
its being used to the extent which it would otherwise deserve. In the 
first place, as it is necessary that each impression should “ set” before 
it can be removed from the press, heat interferes with the printing. 
A second disadvantage is the fact that each impression must be 
mounted like a photograph. But the greatest difficulty arises out 
of the nature of the gelatine relief which forms the picture. Not only 
are the darks perceptibly higher than the lights, which is in itself 
in many cases a disadvantage, but the gelatine in which the carbon 
or pigment is held is apt to become brittle and to chip off with age, 
despite the hardening processes with alum, etc., which it is made to 
undergo. In this respect the Woodburytype differs from an ordinary 
carbon print, which otherwise it so much resembles. In both cases 
the medium for the pigment is, indeed, gelatine ; but in the case of the 
carbon print it is gelatine hardened and changed throughout its mass 
by exposure to light in the presence of a bichromate, while in that of 
the Woodburytype it is gelatine, but indifferently affected by subse- 
quent treatment. This is the reason, also, why the Woodburytype has 
never taken a foothold in owr own country, with its changeable cli- 
mate. One manufacturer there was who tried persistently to conquer 
the difficulties in the way, but if you should visit him to-day he would 
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point to a few specimens nailed up like dead bats against his office 
door, saying at the same time: “That is all there is left of the fifty 
thousand dollars which I put into the Woodburytype process.” And 
yet some of these specimens, made about twenty years ago, are as 
good to-day as they were then. It is evident, therefore, that under 
certain conditions these prints may be made to stand, even in America, 
if only those conditions can be found out. 

Before I take leave of you I must warn you once more that the 
statements made in these lectures are of the simplest and most su- 
perficial kind. From the descriptions I have given you it might be 
inferred that the photo-mechanical processes are easily worked. Noth- 
ing would be further from the truth, however. They are beset with 
innumerable difficulties, of which temperature, hygrometric conditions, 
variations in exposure according to light, quality of negative, etc., 
and the tricks of gelatine, which is a most variable and unreliable 
substance, are but a few. “Gray, my dear friend, is all our theory, 
and green the golden tree of life,’’ says Mephistopheles to the student 
whom he would mislead ; but in this case — and perhaps in some others. 
—theorizing is decidedly easier and more pleasant than practicing, 
and the tree of life is beset with thorns. 

And this leads me to my final remark. So difficult a subject, and 
no help extended to the student anywhere, at least in this country! 
The literature is a chaos, the “ practical” men work by rule of thumb, 
shun theory, strive to keep their little tricks secret, and some of them, 
alas, would not scruple to mislead the anxious inquirer who turns to 
them for information. In Europe, at least in Germany and Austria, 
there are several government schools in which not only pupils are 
taught, but a chance is given for purely scientific investigations. 
That such investigations are needed must have become apparent to 
you more than once in the course of my remarks. And that the 
“practical”? man might also be helped by having his operations placed 
upon a sure foundation of knowledge is a self-evident fact. Shall 
I add, in the spirit which measures everything by money as the most 
important factor of all, that large interests are involved in this industry 
—interests that deserve as much attention as others? However all 
this may be, it is a curious fact that not a single school exists to-day 
in the United States to which a young man might turn for thorough 
training in these branches, and not a single laboratory to which the 
operator might go for aid in the difficulties which beset him. Would 
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it not be worth while for a great seat of practical science, like the 
Massachusetts Institute of Technology, to give some attention to 
these important matters ? 


The above lectures were fully illustrated by materials, tools, and 
plates, as well as by the finished products resulting from all the 
processes mentioned, and in connection with them an exhibition was 
held at the Museum of Fine Arts, from January 8 to March 6, 1892, 
comprising 734 specimens, arranged chronologically. Of this exhibi- 
tion a catalogue was published with technical and historical explana- 
tions, under the following title: «“‘ Exhibition illustrating the technical 
methods of the reproductive arts from the fifteenth century to the 
present time, with special reference to the photo-mechanical processes. 
January 8 to March 6, 1892. Boston: 1892.” 12mo., xi and 98 pp. 
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MODERN SCIENTIFIC VIEWS OF THE CAUSE AND 
PREVENTION OF ASIATIC CHOLERA. 


By WILLIAM T. SEDGWICK, Pu.D. 
Read October 6, 1892. 


THE first requisite for intelligent action is precise knowledge. 
Before we can deal wisely with a disease we must know what it is 
and how it acts. It is for these reasons that we must inquire, What, 
precisely, is Asiatic cholera, and how is it disseminated? Then, and 
then only, shall we be prepared to consider the means to be adopted 
for its prevention or suppression. 

Asiatic cholera, according to the best knowledge of to-day, is a 
very active fermentation of the intestinal contents of man by a spe- 
cific living ferment known as the Sfzrillum or Bacillus of Asiatic 
cholera. This fermentation differs from all other known fermenta- 
tions of the intestinal contents in its activity and in its peculiarly 
destructive effects upon the individual. From the biological point 
of view it closely resembles the fermentation which occurs in typhoid 
fever, but it differs from that of typhoid fever very much as an 
explosion of dynamite differs from an explosion of gunpowder: it is 
more rapid, more violent, more fatal. The fermentation of the con- 
tents of the alimentary canal by a microérganism might be accom- 
panied —as in the digestive processes of every-day life it unquestion- 
ably often is accompanied — by the formation of products harmless 
and even useful to the animal economy. But it appears to be the 
distinctive characteristic of the specific organism of Asiatic cholera 
that the fermentation to which it gives rise is accompanied by the 
development of products peculiarly poisonous to the human body — 
poisons which, absorbed into the body, upset the nervous system, 
producing vomiting, cramps and collapse; and in a very large pro- 
portion of cases produce death. 

To make it clear what a disease of this kind really is the analogy 
is often used, and is just, of the fermentation of apple juice by the 
microérganism known as yeast. Under the influence of this specific 
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ferment innocuous apple juice is changed, so that it contains a small 
quantity of a poisonous substance, alcohol. If it contained a great 
quantity of alcohol, or if alcohol were a much more poisonous sub- 
stance than it is, fermented apple juice would act upon the body as 
a violent poison. 

So far as we know at present cholera cannot be produced with. 
out its specific ferment or germ, precisely as cider cannot be made 
without yeast or oaks spring up except from acorns. No matter 
how fertile the soil may be, the seed must be sown before the crop 
can appear. To suppose that cholera can arise without its germ is 
to assume the truth of spontaneous generation —one of the out-worn 
creeds of scientific history. 

It is not necessary for our present purposes to consider at length 
the particular character of the organism of cholera. It is now gen- 
erally believed that the curved bacillus or spirillum discovered by 
Koch, and known as the “comma bacillus,” is the one and only cause 
of Asiatic cholera. But whether this be the case or not, there can 
be no question that cholera is a fermentative disease produced by 
a specific living microérganism, and for the purposes of practical 
sanitation this is sufficient. To enter upon an elaborate description 
of the organism or a history of cholera in the Middle Ages would be 
interesting, but it could not instruct us in modern scientific sanitation, 
which for its basis rests upon discoveries made since our civil war. 
To follow cholera in its réle as a haunting spectre of unclean Orientals 
on filthy pilgrimages, is certainly impressive and not without its 
lesson ; but the man-eating tiger is not to be feared in America as 
he is in India, and we may as reasonably hope to control the cholera 
from Calcutta as the tiger from Bengal. 

If one wishes to have a fairly accurate idea of the germs of 
Asiatic cholera he has only to recall the chains of sausages which 
hang in butchers’ windows. Enormously magnified and seen at a 
little distance the chain, with its curved links of sausages, well rep- 
resents the growing groups of comma spirilla. Each individual sau- 
sage, moreover, well represents one germ or spirillum. Like the 
sausage the spirillum has a delicate skin or cell wall. Like the sau- 
sage the spirillum contains a substance of unknown composition. But 
unlike the sausage the spirillum is a living organism, and is able to 
reproduce itself. 

We may now inquire how, precisely, is cholera disseminated. If 
what has been said above is true it is obvious that the principal and 
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prolific source of cholera seed must be the contents of the alimentary 
canal; and exactly asa little leaven may leaven the whole lump the 
contents of one intestine may theoretically suffice to sow a thousand 
crops. Whether a single germ can or can not convey the disease we 
do not know. The probability is that under favorable conditions 
it might do so, but it is doubtful if, as a fact, it ever does. But in 
any case the seed must enter the body; and inasmuch as the body 
is virtually hermetically sealed in a germ-tight skin the germ must 
enter the mouth. Even supposing the skin to be broken it is at 
least doubtful if the germs could find effective entrance along that 
road. The only important avenue of entrance is unquestionably the 
mouth — using the word in its embryological sense and including 
the nose as a part of the mouth and as an avenue for dust. Whether 
the germs of cholera thrive or do not thrive outside of the human 
body they must still find entrance to the alimentary canal chiefly, 
and probably exclusively, through the mouth. We have then simply 
to consider in what ways the germs of cholera may be carried to the 
mouth. 

Here we may get much help from a careful study of the facts of 
infection in a closely related disease with which we are much more 
familiar. I refer to typhoid fever; and, as I propose to draw largely 
, upon our established knowledge of typhoid fever to offset our ignorant 
and foolish alarm about cholera, I may be permitted to say that while, 
in common with most Americans of my age, I have had no personal 
experience with epidemics of cholera I have had, within the past two 
years, a considerable experience with epidemics of typhoid fever, hav- 
ing superintended for the State Board of Health and others the inves- 
tigation of seven important outbreaks of this disease in Massachusetts. 

Typhoid fever, like Asiatic cholera, is a diarrhoeal disease ; like 
cholera it affects the alimentary contents by a peculiar fermentation ; 
but it is to cholera as gunpowder is to dynamite — slower, less violent, 
less fatal. It is almost absolutely certain that both diseases — typhoid 
fever and Asiatic cholera —are disseminated chiefly through the fecal 
discharges. We have already seen that the germs of cholera must 
enter the body through the mouth; the same is true of typhoid fever. 
In both diseases, therefore, the problem of dissemination is reduced 
to this: How may the discharges from the bowels of patients affected 
with cholera or typhoid fever be conveyed to the mouths of other peo- 
ple; or, reducing the problem to its lowest terms, How may the 
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bowel discharges of A reach the mouth of B. The answer to this 
question should give us, and in fact does give us, the basis of a 
rational procedure in prevention. 

We may stop at this point long enough to observe that if what 
has been said is true—and I have no hesitation in affirming most 
emphatically that it is —the recent extraordinary exhibition of popular 
alarm in this country was most discreditable. If there was any reason 
for it, that reason must have been a distrust of our capacity to keep 
bowel discharges out of the mouths of the people. If there was no 
reason for it, it was a shameful exhibition of cowardice. It ought 
to be distinctly understood that the recent cholera “scare’”’ was a 
national discredit — discreditable if it was needless, more discreditable 
if it was necessary. 

If we seek to discover how the bowel discharges of A may reach 
the mouth of B, we shall not have far to look. It is well worth our 
while to do this, for scientific prevention of disease must be based upon 
and guided by detailed knowledge of the ways in which disease is 
disseminated. 

If by food we understand, as we may, both solids and liquids, such 
as bread and water, we may safely affirm that the commonest carriers 
of diarrhoeal diseases, such as typhoid fever and Asiatic cholera, are 
undoubtedly food and fingers. Food may become contaminated by 
fingers, and fingers are only too easily contaminated by bowel dis- 
charges. I do not need to specify all the details, but every one knows 
how that most convenient organ, the human hand —the hand of the 
patient, the hand of the doctor, the hand of the nurse, the hand of 
the servant — may only too easily become fouled and contaminated 
with particles of excreta. Once this has happened it requires only 
a little carelessness, a little neglect, with no washing or with only 
imperfect or hasty washing, to leave the deadly particles upon the 
fingers, from which they may be rubbed off upon a loaf of bread, or 
fall into a pail of milk or rest upon a peach. From my experience 
with typhoid fever I am persuaded that in dealing with filth we are 
too apt to think of the more conspicuous public filth, and to forget 
the private and often invisible personal filth. It is of small avail to 
clean the streets of a city if typhoid or cholera patients continue 
to act as servants, cutting bread or handling fruit for others to eat, 
with fingers imperfectly cleaned. 

I have perhaps said enough of solid food and fingers as agents or 
carriers of infection from diarrhoeal diseases ; but to show how disas- 
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trous such contamination may be when it extends to liquid foods like 
milk and water I may give an illustration by describing briefly one or 
two epidemics of typhoid fever due to infected milk, and a cholera 
epidemic due to an infected public water supply. There recently ap- 
peared among some of the best families in one of the best wards of a 
city of Massachusetts an epidemic of typhoid fever. The district was 
on high land, admirably drained and perfectly sewered. The public 
water supply was above suspicion, and was shared by all of the unin- 
fected parts of the city in common with this district. Various vague 
theories were proposed to account for the disease. Some looked for 
the cause in a cemetery hard by; some pointed with positiveness to 
the well waters used by some of the families ; some spoke of pestilence 
in the air, but failed to explain why the air in this region alone was 
pestilential. The State Board of Health, codperating with the local 
board, made a careful inquiry, and found that the milk supply of this 
particular part of the city was infected; and the probable manner 
of infection was this : 

In the family of the farmer who supplied the milk there had been 
typhoid fever. The excreta of the patients had been thrown into 
the privy. The contents of the privy had been spread upon a 
tobacco field. The cans of milk, after being nearly but not entirely 
filled, were submerged in a well in order to keep the milk cool and 
thus avoid the cost of ice. They were stoppered with wooden plugs, 
which were driven in hard. Nevertheless there was every reason to 
believe that the germs of typhoid fever had traveled from the tobacco 
field into the milk cans, and in the following manner: There was 
. positive proof that in spite of the plugs the cans leaked around and 
through them ; for on drawing up the cans and inverting them nearly 
one half of them were found to be leaking so much that drops of milk, 
and in some cases a stream of milk, ran out. But if milk could run 
out of cans thus stoppered, water could run in; and there was abun- 
dant evidence that it had so run in. It only remained to show how the 
well might have got infected. This well, however, was the only con- 
venient source of cold water on the farm. It was a large well, covered 
with an old platform made of worn planks between which were wide 
cracks. There was one hole, two or three inches in diameter, in the 
platform. Pieces of manure were observed on the planks about to 
fall into the well. The curb was on one side, and the overflow water 
mostly fell upon the platform and ran back into the well, carrying with 
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it whatever lay on the planks near it. To this well, from the tobacco 
field, in rain or shine, with dry boots or wet, the men came for water 
or to attend to the milk. It was not proved that they had ever 
brought typhoid faeces from the field upon their boots, but there was 
reason to believe that they had done so, and had thus contaminated 
the well, while from the well the germs had leaked with the water 
into the milk. 

In this way the bowel discharges probably passed from the patients 
on the lonely farm to the tables of the victims in the city. If the 
disease had been cholera instead of typhoid fever there would have 
been more deaths, but most of the phenomena would have been the 
same. If it had been cholera the whole country would have been in 
an uproar. But as it was “only” typhoid fever the dead were buried, 
the wounded have recovered and nothing more is heard of the “acci- 
dent.” In all twenty-five were killed and one hundred and thirty- 
five were wounded. 

In another case, in a suburb of Boston, typhoid fever broke out 
among some of the best families. Four persons were killed and 
thirty were wounded. This “attack,’”’ also, was traced to infected 
milk, one of the milkmen himself having had the disease, and while 
suffering from diarrhoea having in all probability contaminated the 
milk at his central establishment. 

I have said enough to show how milk, one of the most important 
and universally employed of food materials, may serve as a vehicle for 
diarrhoeal diseases, such as Asiatic cholera and typhoid fever. A sim- 
ilar and equally instructive series of phenomena is true of drinking 
water. Here we have an excellent modern instance in the experience 
of the city of Genoa, Italy, in 1884. Cholera had appeared in Spezia, 
some fifty miles away; but after cholera had been raging in Southern 
Europe nearly two months Consul Fletcher of Genoa wrote to the 
authorities in Washington: “I do not believe the officials in any 
city in Europe could be more watchful or take more extreme precau- 
tions to ward off the epidemic than those in authority in Genoa. 
The result is that Genoa is in as healthy a state to-day as it is possi- 
ble for human agency to make it, considering its peculiar construction 
and its proximity to the sea.” The cholera was then but fifty miles 
distant ; but for a month later the city retained its healthfulness, 
when suddenly the cholera appeared, and in one week one hundred 
and sixty-nine people died with this disease, nine tenths of whom 
were supplied by one of the three public water supplies of the city. 
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Upon investigation it was found that upon the stream which was 
the source of this water supply, thirteen miles from the city, between 
one thousand five hundred and two thousand laborers were at work 
upon a railroad, and in the previous week cholera had broken out 
among them. They washed their clothes in this stream, and some of 
their bowel discharges probably also found their way into it. On the 
tenth day after the cholera appeared in Genoa this source of water 
supply was cut off, and the portion of the city which it served was 
supplied from one of the other sources. The daily deaths from cholera 
immediately decreased, and in six days the number had fallen from 
thirty-eight to ten. The whole number of cases in the sections of 
the city supplied by the polluted water was four hundred and forty- 
four, and in the two sections supplied by public water supplies of 
unpolluted water the whole number was fifty-five. 

In the autumn of 1890 the cities of Lowell and Lawrence suffered 
severely from an extensive epidemic of typhoid fever. The record 
of this unfortunate affair was not far from one hundred killed and one 
thousand wounded. The source of the disease was found to be dis- 
charges from the bowels of typhoid patients on a feeder of the water 
supply only a little more than two miles above the in-take of the Lowell 
waterworks. The journey of the germs from the bowels to the mouth 
was here perfectly evident. 

I might extend almost indefinitely illustrations of this kind, show- 
ing how intricate, and yet how clear, the passage of germs from the 
intestine of A to the mouth of B often is, when food and fingers com- 
bine, or when food or drink become directly contaminated by sewage. 
The one indispensable requisite obviously is to avoid the contamination 
of food and fingers. It is probably safe to say that if the bowel dis- 
charges of the patients and the fingers of those who have to deal with 
cholera patients are properly disinfected all danger can be avoided and 
the disease confined strictly to its original appearance. The recent 
experience of New York City should teach us how foolish and unneces- 
sary is any feeling of general alarm for those who have good water, 
good milk, clean servants and the other attributes of good living. It 
may be difficult to secure these; it certainly often is difficult, and for 
many it is at present impossible. But allowing that we should be 
most solicitous over these things let us not forget that the disease can 
be held in check by isolation and disinfection. If boards of health 
and other public functionaries do their duty; if every case that 
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appears is promptly and effectively isolated; if disinfection of the 
bowel discharges is thorough — in short, if the subject is treated in a 
scrupulously scientific manner the danger for well regulated communi- 
ties can easily be reduced to a very small quantity. 

The citizens of Philadelphia, Chicago, Lowell, Lawrence and 
Albany on the other hand may reasonably feel much concerned about 
cholera, for their very large annual death rates from typhoid fever 
testify to the presence of bowel discharges in their supplies of drink- 
ing water. It is not generally known that the death rates from 
typhoid fever in Philadelphia and Chicago are and have long been 
more than twice as great as is that of Hamburg; so that there would 
be just cause for alarm in these cities if cholera should appear in 
America and should approach their water supplies. 

All that I have said bears upon the question of quarantine. Isola- 
tion of patients, with disinfection of excreta, etc., we obviously must 
have. But quarantine such as we have recently seen in New York 
is in my opinion unnecessary and dangerous. In spite of it cholera 
got into New York, and while very likely more of it would have got 
in without the quarantine it is certain to my mind that it could and 
would have been as effectually suppressed as the smaller quantity was, 
and with less general suffering and alarm than the harbor quarantine 
as conducted produced. The community has it in its power at any 
time to suppress diarrhoeal diseases if it will only isolate and disinfect, 
and it makes but little difference whether the disease is typhoid 
fever or Asiatic cholera. 

For cities having polluted food and drink, or filthy ways of living, 
prolonged public or general quarantine is a desperate attempt at self- 
protection. For communities in good sanitary condition it is anti- 
quated and clumsy. 

Pettenkofer has given the key to the whole situation by saying 
that filth is like gunpowder, for which cholera is aspark. A community 
had better remove the gunpowder than try to beat off the spark; 
for in spite of their efforts, however frantic, this may at any time 
reach the powder and if it does is sure to blow them to pieces. 


*It is worth remembering that although about 18,000 persons in Hamburg had cholera 
in the recent epidemic about 604,500 of the inhabitants escaped. In the Lowell epidemic of 
typhoid fever 77,000 persons out of 78,000 remained unaffected. In other words only gy 


of the people in Hamburg had cholera, while $$$ escaped. In Lowell , had typhoid fever 
and 4} escaped. 
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THE present paper is an extension of one by the same authors read 
at the meeting of the American Academy of Arts and Sciences held 
June 10, 1891, but not hitherto published. In the investigation de- 
scribed in it a method was employed which was originally proposed 
by one of the writers a number of years since in a paper read at the 
Philadelphia meeting of the American Association for the Advance- 
ment of Science, and published in abstract in the Proceedings for 
1884, 33, 114. 

In that paper attention was called to a defect in the method 
employed by Savart and Kohlrausch, from which they concluded that 
at least two complete vibratiéns are necessary to characterize pitch. 
This defect is a consequence of the character of the vibrations im- 
pressed upon the air by the blows produced by the teeth of the 
wheel of Savart or the comb of Kohlrausch. 

The statement of this difficulty in the paper referred to is as 
follows : 

“A cardinal defect in these methods of investigating the point in 
question is that the sound produced bya toothed wheel is very impure ; 
first, because the noise of each separate impulse is mingled with the 
note produced by the coalescence of the separate impulses ; and second, 
because the proper note, determined by the number of impulses, is 
itself far from simple in its character. To obtain results that are fully 
satisfactory the vibrations utilized should be pendular (sinusoidal) in 
their character. I see no reason in the nature of things why, if a 
single such simple vibration could be caused to fall upon the ear, it 
should not produce the sensation of a definite pitch. Rather, under 
the known action of the separate vibrating parts of the ear, we might 





* Read at a meeting of the American Academy of Arts and Sciences, May 24, 1892. 
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suppose that even a small portion of a simple sound-wave, if it pro- 
duced any recognizable sensation, would give a sound of a pitch corre- 
sponding to the length of the complete sound-wave, of which a part had 
impressed the ear.” 

The method devised in 1884 to remedy this defect consisted of a 
telephonic circuit containing two magneto-telephones, connected in the 
usual manner for the transmission of sound, and a circuit-making wheel. 
The latter was a wheel of vulcanite, furnished with a single narrow con- 
ducting strip of brass extending over a small arc of its circumference. 
Against the edge of the disk pressed a spring whose end was faced 
with platinum. If such a wheel is revolved at a uniform speed it is 
clear that once in each revolution the circuit between the two tele- 
phones is closed for a brief period, whose duration can readily be deter- 
mined when the speed of the wheel and the angular extent of the con- 
ducting sector are known. If now the sound of a tuning fork giving 
simple harmonic vibrations actuates the transmitting telephone, the 
electrical undulation produced will be a sinusoidal one, and the air-waves 
produced at the receiver will be substantially similar in character, and 
continuous, provided the contact-making spring rests upon the metal 
sector of the wheel so as to complete the circuit. But if the wheel is 
revolved the electrical current is broken, except during a brief interval 
of time when the spring is in contact with the metallic sector ; at which 
period, however, a current of brief duration is sent through the line and 
a correspondingly brief sound is produced at the receiver. Except in 
so far as self-induction and like phenomena act to prevent this, these 
brief electrical currents are still sinusoidal in character; and hence 
should give rise at the receiving telephone to waves or portions of a 
wave of sound which aye sinusoidal in form, and should be perceived 
by the ear as a simple tone. In so far as the motion of the diaphragm 
of the receiver deviates from a simple harmonic one, either from disturb- 
ing electrical effects due to self-induction, or from the acoustic effect of 
the sudden pull and relaxation which occur when the circuit is made 
and broken by the contact-making spring, disturbing sounds will of 
course be added to the simple tone, which would otherwise be the only 
one produced. But unless the disturbing causes are excessive the 
pitch of the simple tone corresponding to that given by the tuning fork 
actuating the transmitter will predominate. And as a matter of fact 
these disturbances are slight, as is shown by the fact that there is no 
difficulty in transmitting speech through a circuit with a magneto- 
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transmitter at one end and a magneto-receiver at the other, when a 
rapidly revolving circuit-breaking wheel is interposed to interrupt the 
current as many as thirty times per second and upwards. At high 
‘rates of circuit-breaking the high-pitched note, due to the interruptions, 
is simply added to the vocal sounds transmitted. 

In practice, however, a slight modification of the apparatus described 
was found to be necessary. As had been surmised when the apparatus 
was originally devised, clicks and scratches were heard in the receiving 
telephone when the current was rapidly made and broken by the revolv- 
ing wheel. These often masked the proper sound of the fork. They 
seemed to be due to microphonic action at the contact of the spring 
and brass segment ; and although we found that this could often be 
avoided by careful smoothing of the contact surfaces and proper adjust- 
ment of pressure, yet it was difficult to keep the apparatus in good 
adjustment. For this reason we substituted for the vulcanite wheel a 
brass wheel, having a single insulating segment of vulcanite. The 
receiving telephone, whose resistance was 115 ohms, was placed in deri- 
vation with the brass wheel, so that during the greater part of the time 
the receiving telephone was short-circuited and no sensible current 
passed through it, as the wheel had very slight resistance. But when- 
ever the spring rested on the vulcanite segment the circuit through 
the wheel was broken ; and hence a current passed through the receiv- 
ing telephone and produced a sound. This arrangement obviated the 
difficulty just referred to, although care had to be taken to. keep the 
contacts in good condition, as otherwise more or less of a scratching 
sound was introduced. In order to reduce the resistance of the short 
circuit through the wheel to a minimum, the current was caused to 
enter the wheel in the following manner: A disk made of sheet cop- 
per was attached to the axle carrying the brass wheel. The edge of 
the copper disk was amalgamated and its lower portion dipped into a 
trough of mercury, thus always securing a good contact. When the 
current was made to enter the wheel in other ways that were tried, as, 
for example, through a second spring, it was sometimes found that the 
resistance of the wheel circuit was not sufficiently low entirely to pre- 
vent the production of a sound by the derived current that under these 
circumstances constantly entered the receiving telephone. With the 
arrangement described the apparatus worked very satisfactorily, no 
trace of sound being audible in the receiving telephone except when 
the spring rested on the vulcanite strip, in which case the pitch 
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of the fork was perfectly clear. A key was inserted so that the sound 
produced at one or more successive contacts could be caused to enter 
the ear at will. 

In our first experiments we employed as a source of sound a large 
tuning fork vibrating in front of a resonator and sounded by a hammer. 
But we found that this gave too feeble a sound for our purpose. We 
therefore made use of a small fork, which was set into vibration by a 
blow, and whose stem was lightly pressed against the disk of the trans- 
mitting telephone. A bit of wax placed at the end of the stem was 
found to be sufficient to prevent any chattering. 

The particular form of magneto-telephone which was found most 
satisfactory as a transmitter, on account of its power, was a bipolar 
instrument having a large diaphragm, a special form made by the 
American Bell Telephone Co. For a receiver we found a very sensi- 
tive form of magneto-telephone made in Sweden best suited for our 


purpose. 

The tuning forks employed were of small’size, belonging to a Valen- 
tine and Carr tonometer. In all of the experiments cited the trans- 
mitter was placed in a distant room, so that no sound could possibly 


reach the ear through the air. 

The speed of revolution of the brass wheel was read by a speed- 
counter, and from this it was easy to determine the period of time dur- 
ing which the contact-spring rested on the vulcanite sector. 

The mode of observation adopted consisted in driving the wheel at 
a rate such that the difference in pitch between the brief sounds heard 
in the receiving telephone seemed to be distinct. One of the experi- 
menters then sounded the forks successively, presenting them one 
after another to the telephone, and noting the order in which they 
were sounded. The listener at the receiver at the other end of the 
line noted the pitch heard, and these estimations were afterwards com- 
pared with the order as noted by the person at the transmitter. The 
speed was then altered, generally being increased, and a new set of 
experiments undertaken. In some cases, owing to bad transmission or 
for other causes, the listener felt uncertain whether the decision noted 
was correct, and in such cases the result was marked as doubtful. 

In the first series of experiments only two notes were compared, 
which were an octave apart ; one C, of 256 vibrations, the other C, of 
512 vibrations. 





Least Number of Vibrations Necessary to Determine Pitch. 217 


The following figures will illustrate the general character of the 
results. The line marked “T™” indicates the order in which the forks 
were actually sounded. The line “R” indicates the sound as noted by 
the listener at the receiving telephone. The number of complete 
vibrations of the lower note transmitted was 0.88; of the higher, 1.76. 
The doubtful estimates are followed by an interrogation mark. 


TABLE I. 
T. Cg Cg C4 Cg Cg Cg Cy Cg Cg Cy Ca Ce 
R. Cg C4 Cg Cg Cg Cy :Cg Cg Cg Cg Cy Cg 


TABLE II. 
T. Cg CgCg Cg Cg Cy Cg Cy Cg Cy Cy Cy 
R. Cs C4 Cy? Cg Cg Cy Cg Cg? Cg C4,Cy Cg 


In the first of the above series it will be seen that three estima- 
tions were wrong, nine right, none doubtful; that is, 25 per cent. 
were wrong, 75 per cent. right. In the second series one estimate 
was wrong, two doubtful and nine correct. That is, 8.3 per cent. 
were wrong, 16.7 per cent. doubtful and 75 per cent. correct. 

The following tables give a synopsis of results reached with the C, 
and C, forks. Except in a very few cases twelve successive sounds 
were transmitted. The calculated duration of the sound is in all cases 
given in terms of the vibration period of both notes. The percentages 
are given to the nearest whole number. The first column contains the 
serial number of the experiment ; the second (I), the percentage of 
incorrect estimates ; the third (C), the percentage of correct estimates ; 
the fourth (D), the percentage of doubtful estimates ; the fifth (L) and 
sixth (H), the duration of the sound in terms of the period of the lower 
and higher notes respectively. The rates are always expressed in 
complete vibrations. 
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TABLE III. 
Forks Cg (256v.) C4 (512v.) 
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The following results were obtained with intervals other than the 
octave : 


TABLE IV. 
Forks Cg (256v). Gs (384v.) 
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TABLE V. 
Forks Cg (256v.) Eg (320v.) 





Cc. D. 





22 33 50 17 
23 42 58 0 




















In the sets of experiments Nos. 22, 23, the contact-spring failed 
to give even pressure; and it was noticed that the sound was very 
badly transmitted at certain times, which corresponded with those at 
which some of the erroneous estimates were made. 


TABLE VI. 
Forks Cs (256). Cs (260v.) 





No. le Cc. D. 





24 58 25 17 
25 25 75 0 




















It appears from the results given in the preceding tables that even 
with as small a fraction as 34%, of a vibration of the lower fork and 544, 
of a vibration of the higher fork, when these had an interval of an 
octave, it was possible to distinguish one note from the other; and 
when the duration of the tone was greater, but still much less than two 
complete vibrations of the higher note, the distinction became easy. 
Nor was the distinction possible merely because of the possession of a 
clearly defined pitch by the higher note alone, whose period was 
shorter, so that a greater number of vibrations entered the ear in the 
time during which the circuit was completed through the telephone ; 
which, it might be surmised, would enable one to distinguish it from the 
lower note even in the absence of any clearly defined pitch for this 
latter. On the contrary, the ear always recognized the existence of a 
distinct pitch with each note, even with the shortest duration of tone 
which was employed in the experiments ; but, as would be expected, the 
ability to determine with certainty which of the two notes heard suc- 
cessively was the higher in pitch diminished as the duration of the 
sound diminished, and also as the interval between the two notes 
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became less. The results given in No. 24, Table VI, are curious; and 
at the time they were reached seemed to be due to a misjudgment 
as to which of the tones was the higher at the beginning of the experi- 
ment. Series No. 25 was madé immediately afterwards ; but the notes 
of the forks were carefully listened to separately, in order, if possible, to 
fix the pitch of each in the mind. As a result three fourths of the 
estimates were correct. 

In another series of observations several forks were struck irregu- 
larly, and an attempt was made to state which fork of the set used 
was heard. The listener knew what were the forks composing the set. 

With forks C,, E,, Gs, C,, the results given in Table VII were 
reached. The separate series of observations are separated by hori- 
zontal lines. The table gives the name and rate of the forks used in 
the first two columns. In Column V is given the number of complete 
vibrations of each fork in the time during which the sound lasted 
in the particular experiment referred to; in Column O, the number 


of times each fork was sounded ; and in Column P, the percentage of 
correct estimations. 
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TABLE VII. 





Vv. 
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3.6 
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2.0 
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Table VIII contains the results of similar observations made upon 
various series of notes. 


TABLE VIII. 
































Note. | Rate. | V. O. P. 
| 

Cs 256 1.8 21 62 
Ds 288 2.0 14 57 
Es 320 2.3 22 73 
F3— 340 2.4 24 71 
Gs 384 2.7 22 64 
As— 424 3.0 20 80 
Cs 256 0.4 30 73 
Ds 288 0.5 28 78 
Es 320 0.5 18 83 
Gs 384 0.6 21 76 
Cs 256 0.4 24 54 
Ds 288 0.5 18 66 
Es 320 0.5 23 52 
Cs 256 0.4 27 81 
Ds 288 0.5 31 68 
Cs 256 0.3 48 85 
Ds 288 0.3 58 72 
Cs 256 0.25 42 81 
Ds 288 0.28 40 72 

















With the exception of the last three comparisons (which are 
inserted in this place because they were made in immediate connec- 
tion with the preceding ones in the same table) the experiments whose 
results are given in Tables VII and VIII involve a more serious diffi- 
culty in estimation than do those previously considered ; since, instead 
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of having to decide merely which of two notes is the higher, it is 
necessary to determine the musical relation of the various notes in 
the set sounded. Nevertheless, even with the shortest observed dura- 
tion of the sound, the uniform preponderance of correct over incor- 
rect or doubtful judgments is altogether too great to be the result 
of chance. 

Moreover, even when the ability to determine which was the higher 
of two notes was lost, with briefer durations of the sound than those 
recorded in the tables, there was always a clear difference in the pitch 
of the two notes ; that is, they did not seem like the same sound. 

It will, of course, be observed that with the method used by us 
the element of memory enters, since the pitch of each sound must be 
carried in the mind. With a direct comparison of the sound heard 
through the telephone line, with that given by a tuning fork sounded 
by the observer at the receiving end, it is probable that a still larger 
percentage of results would be correct. This remains, however, to be 
actually proved by experiment. 

It will also be noticed from the tables that in some cases it seems 
easier to judge correctly when the two tones make a small interval 
with each other than when they make a greater one. For example 
see the comparisons of C, and D, in Table VIII. That this is true 
when the greater interval is an octave might well be expected from 
the well-known liability to confuse notes of this interval; but it is 
true of notes of other intervals, which are not likely to be mistaken 
for each other. 

It is our intention to extend these observations to briefer and 
longer durations of the sound, and to ascertain what number of vibra- 
tions is necessary to recognize the different musical intervals when 
these are entirely unknown beforehand. To obtain louder sounds it 
may be possible to use a microphone, although we have avoided this 
because of the great liability to disturbance of such a transmitter when 
strong vibrations actuate it. It has also occurred to us that we may 
use a sinusoidal electrical wave, generated by a peculiar form of alter- 
nating dynamo-machine, especially devised for the production of such 
a current by Mr. F. A. Laws, of the Rogers Laboratory. This will give 
a very loud and at the same time very pure tone. We also intend to 
study the comparative accuracy of estimation when each sound is 
heard only once, as in the observations detailed in this paper, with that 
which is obtained when the sound is repeated two or more times. 





224 Charles R. Cross and Margaret E. Maltby. 


The question may be raised, regarding the method employed by 
us, whether the sound given out by the diaphragm was really of as 
brief duration as we have assumed it to be. It might be questioned 
whether the vibration of the diaphragm was not in fact prolonged; so 
that while the duration of the electric current was, for example, con- 
siderably less than the time occupied by two complete vibrations, yet 
more than two complete sound-waves were actually produced. 

Of course, the instant the diaphragm ceases to be actuated by the 
electro-magnet of the receiving telephone, it will begin to assume its 
natural rate of free vibration ; but how minute a fraction of a second 
will elapse before it ceases to move at substantially the rate impressed 
upon it might seem doubtful. But under the circumstances of many 
of our experiments, in which the duration of the current was from less 
than one half of a vibration up to one vibration, it certainly is not 
possible that the vibration should continue without entire change of 
rate and form for from four to eight times the duration of the forced 
vibration, which would have to be the case in order to have two com- 
plete sound-waves produced. 

Furthermore, the damping effect of the magnet upon a telephone 
diaphragm is such as to prevent more than a very slight amount of 
persistence of vibration of any kind whatever. This is shown by 
the facts that the natural note of the diaphragm of a magneto-receiver 
is never perceived in the ordinary use of the instrument, and that 
the quality of the sound heard at the receiver_is substantially the 
same, although wide variations may be made in the dimensions of 
its diaphragm. And if the after-tone of the diaphragm persisted 
after each pause sufficiently long to produce a recognizable sound 
of definite pitch, say for the period of two complete vibrations, this 
would necessarily be noticeable in the actual operation of the instru- 
ment —an effect which is not observed in practice. 

Still further, in none of our experiments was there any note 
observed which corresponded in pitch to the natural note of the 
diaphragm —a note whose pitch was so high that it could not have 
failed to impress itself upon our attention had it been present to 
any material extent. 

These observations seem to show that with ordinary telephone 
currents there is no material vibration of the diaphragm of the 
receiver after the forced vibration has ceased. With a stronger cur- 
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rent we might expect a certain continuance of the free vibration. 
What undoubtedly occurs is, that as soon as the electrical undulations 
cease to act on the receiver, its diaphragm begins to move at a differ- 
ent rate, passing to its free rate of vibration with great rapidity, and 
assuming this rate unless sooner brought to rest by acoustic and 
magnetic damping. This action would probably produce a noise of 
constant pitch, and distinct from the sound of the transmitting 
tuning fork. ' 

But although for.these reasons it appears extremely unlikely 
that the diaphragm could continue to vibrate with its. rate substan- 
tially unchanged for more than a very minute fraction of a vibration, 
it nevertheless seemed desirable to ascertain by actual and direct 
experiment whether this is the case. 

For this purpose the following apparatus was devised. A Lis- 
sajous’ Comparator, with its vibration maintained electrically, was 
employed in the usual manner to study the motion of a very minute 
glass bead mounted upon the diaphragm of a magneto-receiver, 
through the coils of which was carried an alternating current. The 
glass bead was illuminated by sunlight or the electric arc. The rate 
of the fork was 128 complete vibrations per second. The alternat- 
ing current could be caused to flow through the telephone coils 
for a definite time by the same circuit-making wheel which was used 
in the experiments already described. As we desired to use a far 
stronger current than that produced by the transmitting telephone, 
we made use of the alternating current from a transformer excited 
by a Thomson-Houston alternating current machine, making 128 
complete alternations per second. The strength of the current 
through the coils was varied by a set of resistances made of incan- 
descent lamps from a maximum of about 100 milliampéres to a 
minimum of about 50 milliampéres, an amount vastly in excess of 
any telephone current. When the circuit-making wheel was at rest 
and in the proper position the curves of Lissajous were clearly seen. 
The motion of the bead was very nearly a simple harmonic one, so 
that the curves observed were ellipses, passing into the limiting 
oblique, straight lines. Difficulty was met with from variations in 
the rate of alternation of the current, arising from very slight varia- 
tions in the speed of the dynamo-machine, so that it was necessary to 
utilize such moments as were found to be available when the stead- 
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iness was sufficient. If the circuit-making wheel is in motion, it is 
clear that the appearance of the curve seen will depend upon the dura- 
tion of the make, or rather upon the duration of the motion of the 
telephone diaphragm. If the harmonic motion of the diaphragm per- 
sists for a period equal to one complete vibration of the fork of the 
comparator (or, more strictly, for a period somewhat longer than this 
and depending upon the relative phase of the two vibrations when the 
current begins to flow through the telephone), it is evident that the 
curve should be a complete ellipse; but if the harmonic motion of 
the diaphragm lasts for a less time, then only a portion of an ellipse 
can be seen; and this will necessarily be deformed, as the curve must 
begin and end on the same vertical line; which is, of course, the 
vertical line given by the illuminated bead, as seen through the micro- 
scope of the comparator when no current is passing through the 
telephone. 

The method has not yet been sufficiently perfected to give accu- 
rate, quantitative results ; but with the rate of alternation as stated, viz., 
128 per second, and with the strong current used, in some cases over 
500 times as great as the ordinary current furnished by a magneto- 
transmitter, with a calculated duration of current of from shy of a 
second to 34, of a second, in no case was a complete ellipse observed. 
In many cases the duration as determined from the curve appeared to 
be substantially the same as the calculated amount; and when there 
was a prolongation of the motion it was evident from the character of 
the curve that this was due to free vibration of the diaphragm. 

From these results it would appear that the method used by us is 
not open to the objection referred to, and that there is really no mate- 
rial prolongation of the harmonic motion of the diaphragm of the 
telephone after the electric undulations have ceased to actuate it. 
Moreover, with the very weak current used in the transmission of the 
sounds of the tuning forks in our experiments, any such prolongation, 
if it existed, would of course be far less than with the strong current 
used in testing the point immediately under consideration. The effect 
of an increased rate of alternation ought to be studied, but the damp- 
ing effect of the magnet would be greater at higher rates. 

Some other experiments were made, however, with a current hav- 
ing 256 complete alternations per second, and of a rigorously simple 
harmonic form; but much difficulty was experienced in securing suff- 














Least Number of Vibrations Necessary to Determine Pitch. 227 


ciently equable driving with such means as were available at the time 
of the experiment, so that further work in this direction had to be, 
postponed until better conditions for steadiness could be secured. 

The improbability of any prolongation of the sound-vibrations 
within the ear itself has been shown by Herroun and Yeo.! 

A few experiments were made by us with a view of gaining some 
information regarding the free vibration of the telephone diaphragm 
after it was pulled to one side and suddenly released. For this pur- 
pose a direct current was substituted for the alternating current used 
in the experiments already described. The strength of the current 
was substantially the same as before. When the circuit-making wheel 
completed the circuit the diaphragm was suddenly drawn toward the 
magnet and released quickly when the circuit was broken. With a 
duration of current of about ;4,5 of a second the free vibration seemed 
to last for about the same period. With a duration of current of 34; 
of a second the free vibration lasted from 34, of a second to zs} of a 
second, With a duration of current of ;3, of a second the free vibra- 
tion often lasted as long as =}, of a second. Under these circum- 
stances the curve frequently showed clearly the character and rate of 
the free vibration of the diaphragm. 

It is uncertain whether it will be possible to study the duration of 
the motion of the diaphragm by employing such currents as are ordi- 
narily used in telephony, as the effect of these is so slight. In such 
a research it may prove advantageous to employ two telephones in 
circuit, each furnished with a mirror, and giving a fragment of one of 
Lissajous’ curves when a beam of light is successively reflected from 
the mirrors, the momentary current being sent through the telephones 
by the circuit-making wheel ; or a telephone with an objective carried 
by its diaphragm might be substituted for the fork of the comparator. 

Two other methods have occurred to us of investigating the subject 
under consideration, which we hope to be able to make use of. The 
first of these is to employ the wave siren of Koenig, using a disk pos- 
sessing only a single undulation of the sinusoid or a fraction of an 
undulation; or, for repeated sounds, an ordinary disk with only a 
definite fractional part of the undulations exposed to the action of the 
jet of air. Or perhaps the same result may be obtained by the use of 





* Proceedings of the Royal Society, 50, 318. 
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a narrower slit than that ordinarily employed, so that the air jet shall 
cover only a portion of the sinusoid. 

The second method is to employ a phonograph, on the wax cylinder 
of which are impressed sinusoidal undulations produced by the sound 
of a tuning fork. If only a single such undulation or portion of an 
undulation is allowed to remain, after removing the others by paring 
away the wax, the diaphragm will necessarily execute only a single 
harmonic vibration, or fraction of a vibration, when the cylinder is 
rotated in the ordinary manner. 


RoGers LABORATORY OF PHYSICS, 
May, 1892. 
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REFORMS IN THE NOMENCLATURE OF ORGANIC 
CHEMISTRY. 


By P. S. BURNS, Pu.D. 
Read October 27, 1892. 


OnE of the results of the intelligent development of organic chem- 
istry has been to introduce into that science annually many thousands 
of new compounds. With no established rules as a foundation, the 
work of naming this vast body of compounds has necessarily intro- 
duced into the chemical nomenclature great confusion. As a matter 
of fact, for the future development of the carbon compounds, a reform 
in their nomenclature was almost imperative. This reform must not 
only take place in simplifying and reducing the number of names in 
present use, but must also provide names for those as yet unknown 
bodies whose existence we can so easily predict. 


The International Congress of Chemists which met at Paris in 
1889 first took up the question of a reform in the chemical nomen- 
clature. After a limited discussion, realizing. the magnitude of the 
subject, the Congress referred it to a committee! composed of chem- 
ists from Europe and America. The work of this committee, extend- 
ing over a period of two years, was classified and arranged by a sub- 
committee — of which Friedel, of France, was president — and was 
presented by them to the new Congress which met at Geneva on 
the 19th of April, 1892, for approbation. The Congress consisted of 
the original committee, to which were added a number of other chem- 





*The committee consisted of Béhal, Berthelot, Bouveault, Combes, Fanconnier, Friedel, 
Gautier, Grimaux, Jungfleish, Schutzenberger, from France; Graebe, Switzerland; Alexejeff 
and Beilstein, Russia; von Baeyer and Nolting, Germany; Lieben, Austria; Paterno, Italy; 
Franchimont, Holland; Armstrong, England; Istrati, Roumania; Calderon, Spain; Cleve, 
Sweden; Bonkowski-Bey, Turkey; Ira Remsen, United States; Mourgues, Chili. 
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ists, and the editors of the principal chemical journals. The following 
were present and took part in the discussions : 


ENGLAND. — H. E. Armstrong, J. H. Gladstone, W. Ramsay. 

FraNcE. — A. Arnaud, P. Barbier, A. Béhal, L. Bouveault, P. Cazeneuve, 
A. Combes, C. Friedel, A. Haller, M. Hanriot, A. Le Bel, L. Maquenne. 

GERMANY. — A. von Baeyer, E. Fischer, E. von Meyer, E. Noélting, F. Tiemann. 

Austria. — A, Lieben, Z. Skraup. 

BELGIUM. — M. de Lacre. 

HOLLAND. — A. P. N. Franchimont. 

ITaty.—S. Canizzaro, A. Cosso, M. Fileti, E. Paterno. 

Roumania. — C. Istrati. 

SWITZERLAND. — C. Graebe, P. A. Guye, A. Hantsch, D. Monnier, R. Nietzki, 
A. Pictet. 


Other members of the commission who were not present at the 
Congress, but excused themselves by letters, were: 


The 







The Congress held seven meetings, but was not able to accomplish 


ENGLAND. — Crookes, Dewar, Frankland, Roscoe, Thorpe. 

AMERICA. — Remsen. 

GERMANY. — A. W. von Hofmann, Ladenburg, Liebermann, Victor Meyer, Ost- 
wald, Pinner, Volhard, Witt. 

FRANCE. — Ciamician, Gautier, Raoult, Schutzenberger. 

Russia. — Beilstein, Menschutkin, Mendelejeff. 

TuRKEY. — Bonkowski-Bey. 

RouMANIA. — Athanasesco. 

IraLy. — Balbiano. 

AusTRIA. — Bauer, Lippmann. 

Spain. — Calderon. 

SWITZERLAND. — Piccard. 

SWEDEN. — Cleve. 

HOLLAND. — van Dorp, Goldschmiedt, Hoogewerff, Louy de Bruyn. 

BELGIUM. — Henry. 

PORTUGAL. — F. de Silva, Lourenco. 


elected officers of the Congress were as follows: 


President. — Friedel. 
Vice- Presidents. — Baeyer, Canizzaro, Gladstone and Lieben. 
Secretaries. — Bouveault, Claparéde, Nélting and Pictet. 


all the work prepared for it to do. The discussions, held in the French 
language, were often lengthy, and many points were strongly contested 
in a spirited manner. Many chapters of the original work prepared 


by the 


Parisian committee were postponed for want of time. The 


topics acted upon were, however, carefully and thoroughly discussed, 
and resulted in the adoption of sixty-two resolutions. Many points, 


it will be seen, remain untouched by the Congress ; nor is it to be 
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expected that the adopted resolutions will be found perfect. Many 
difficulties in their application will probably arise; these will have to be 
modified by the next Congress. But the underlying principles of the 
new terminology are certainly very exact, and of a nature to introduce 
into the nomenclature the unity and regularity which it has always 
lacked. The resolutions as adopted by the Congress are printed in 
italics, in order to separate them completely from the accompanying 
remarks, 

The nature of the intended reform was first discussed. Bodies 
having similar constitutions have as a rule analogous functions, and 
it would therefore seem that they should all have a characteristic class. 
name. It is often of great advantage, especially in instruction, to 
examine bodies from different standpoints, and to employ for this pur- 
pose as many different names. If, for example, we take prussic acid, 
and, looking at the analogy to hydrochloric acid which it possesses, 
consider it a product of the combination of H and the radical Cn, it 
would be given the name hydrocyanic acid. If, on the contrary, one 
views its relations to formic acid, it must be called formonitrile. These 
two names represent two different functions of prussic acid. In the 
same way we designate aniline with the two names phenylamine or 
amido-benzene, according as we wish more especially to regard it as. 
an ammonia compound, or as a substituted benzene. 

Emphasizing by many such examples the advantages arising from 
being able to express the different properties of the same body by 
various names, the Parisian commission asked that the reform in the 
nomenclature take place, not in giving to a body a single, unchange- 
able name, but in allowing the use of different names for the same 
body, according to the construction put upon it—the manner of giving 
these names to be regulated by fixed rules. 

The German chemists, on the contrary, and especially Professor 
Baeyer, pointed out very strongly the great inconveniences which 
would arise, and which exist at present in the research libraries, from 
having so many synonyms. ‘They asked that each body have a single, 
official name which shall appear in the indexes, tables and diction- 
aries, entire liberty being allowed authors to employ in their text such 
names as they choose, thus introducing the needed reform and retain- 
ing the terms familiarized by usage. After rather a long discussion 
this first resolution was adopted by the Congress: 

1. Jn addition to the customary name there will be established for 


























232 P. S. Burns. 





each organic compound an official name. The official name is to be used 
in the indexes of books, journals, etc. The Congress expresses the wish 
that authors will give in their works —in parentheses — the official 
name at the side of the name which they have chosen. 


In this resolution the Congress has not considered the task of 
reforming the chemical nomenclature, either written or spoken, but 
has desired to create a nomenclature that would serve solely as an 
index. In sucha selection the questions of brevity and euphony are 
necessarily of secondary importance, the important point being that 
the official name shall picture to the mind the constitution of the 
body or the manner in which it could be synthesized. The principles 
which have governed the Congress largely in their work are as follows: 


I. To found, where possible, the laws of the reformed nomencla- 
ture on the general principle — substitution. 

II. To introduce into the names of all the derivatives of the 
same family a common radical which will indicate their derivation 
and origin. 

III. By means of prefixes and suffixes attached to this radical 
to indicate the propensities of the groups which characterize the 
molecule. 

IV. To construct the names from the chemical formula, separa- 
ting if necessary each radical, and indicating its position according to 
a definite and constant order. 


In order to name a compound according to the above principles 
we see that the constitution of the body must be well known. The 
‘question arose, what rules are to be followed in naming compounds 
whose constitution is either unknown or only incompletely determined? 
After a short discussion the Congress adopted the following proposi- 
*ton of C. Graebe on this point: 


2. To take up at present the naming of the compounds of known 
constitution, and to postpone until later those whose constitution is 
not well determined. 


The sphere of action of the Congress being thus exactly defined, 
the assembly took up the question of naming the hydrocarbons. The 
official nomenclature is to be based, as previously stated, on that of 
the substitutions. Each body is supposed to be derived from the 
fundamental hydrocarbon, by replacing atoms of hydrogen by radicals, 
or the hydrocarbon can be derived by replacing the radicals by atoms 
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of hydrogen. The first subject was, therefore, to name the hydro- 
carbons. In reference tc them the Congress adopted the following 
resolutions : 

3. The termination -ane is adopted for all the saturated hydro- 
carbons. 

4. The present names of the first four normal saturated hydro- 
carbons (methane, ethane, propane, butane) are retained. The names 
of the corresponding Greek numbers will be employed for those above 
four atoms of carbon. 


Here we note an important change. The above resolutions refer to 
the normal hydrocarbons. There will be in the future but one butane, 
one pentane and one hexane. Up to the present time these names 
applied indifferently to all the saturated hydrocarbons of 4, 5, 6, etc., 
atoms of carbon. These simple names are used where the carbon 
chain is straight. When the chain is branched the naming is regu- 
lated by the following resolution : 


5. The hydrocarbons with branched chains are regarded as deriva- 
tives of the normal hydrocarbons. They take the name of the hydro- 
carbon corresponding to the longest normal chain, and to this is added 
the name of the side chain. 

Thus the body 

CH; — CH — CHs 
Hs 


is no longer a butane, but methylpropane. And so 


CH; — CHe — CH — CH — CHs 
CHe — CHg 


is not a heptane nor triethylmethane but ethylpentane. 


We thus have to consider in the fat series a nucleus and a side 
chain ; the nucleus which plays the same réle as C, in the aromatic 
compounds consists, as we have said, of the longest chain which it is 
possible to establish in the molecule. The residues which are attached 
to this normal chain are considered as substituting groups. Thus we 
speak of ethylpropane in the sameway in which we have always spoken 
of ethylbenzene. When the side chain is itself branched, as occurs in 
the complicated hydrocarbons, how will the bodies be named, and how 
distinguish in the name the radicals which are attached to the side 
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chain from those joined to the principal chain? The difficulty has 
been covered by the proposition of A. Lieben, which was adopted: 

6. When a hydrocarbon radical ts introduced into a side chain 
the terms metho, etho, etc., will be used instead of methyl, ethyl, etc., 
the latter prefixes being used when the substitution takes place in the 
principal chain. 

Thus 

CH; — CHz — CHz — CH — CHz — CH; — CHg 
CH — CHs 
Hs 
would have the name metho-ethyl-heptane, and not methyl-ethyl-heptane 
or isopropylheptane. 

The naming of the hydrocarbons with branching chains being thus. 
established on two very simple principles it remains to establish the 
manner of indicating the position of the side chains with respect to 
the normal chain. L. Bouveault proposed to indicate each atom of 
carbon in the principal chain by a letter of the Greek alphabet, and 
the side chain by the letter corresponding with the carbon atom 
where the substitution takes place. 

Thus the two isomeric hydrocarbons 


CH; — CH — CHz — CHz — CHg 
CHgs 


CHs — CHe — CH — CH2 — CHg 
CHg 


would be 8 methylpentane and y methylpentane. This proposition 
found small favor with the Congress, which decided that the position 
of the substituting radical in the fat series, as well as in the benzene 
and naphthalene derivatives, shall be indicated not by letters as prefixes, 
but by numbers. The two hydrocarbons above would hence be named 
methylpentane 2. and methylpentane 3. In order that the atoms of car- 
bon in the side chain shall not be confounded with those of the normal 
chain the following resolution was adopted : 


7. The position of the side chains will be designated by numbers 
indicating to which atom of carbon in the normal chain they are attached. 
These numbers will commence at that end of the normal chain nearer 
the point of substitution. In case there are two side chains symmet- 
vical to the principal chain the numbering will commence at the end 
which has the simpler side chain. 
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Thus 
I 2 4 6 
CH, — CH, — 6H — CH, — GH, — CH, 
Hg 
is methyl-3-hexane, and 


1 2 4 6 
Cis — CH — CH — CH — én, — CH; 


is methyl-3-ethyl-4-hexane. 


8. The atoms of carbon of the side chain are designated by the 
same numbers as the atoms of carbon to which they are joined. Their 
position in the side chain is fixed by an indice number commencing 
with the point of attachment. 


Thus: 
4 6 
CH, — CH — éH, — CH — CH, — CH, — CH, 
2' d 4 4? 
H; H.— CHs 


9. When two side chains are joined to the same carbon atom they 
ave to be expressed according to their complexity — the simpler first. 


10. The same manner of numbering will be adopted for the side 
chains joined to closed chains. 


For example 
C, Hy — CH, — CH — CHy 


CHs 
is 12— methopropylbenzene. 


Non-saturated hydrocarbons. The Parisian committee proposed to 
name the non-saturated hydrocarbons according to their valence ; that 
is, by the number of atoms of chlorine or bromine which they are 
capable of absorbing. The saturated hydrocarbons have the termina- 
tion -ane, and so A. W. Hofmann proposed, in an analogous manner, 
to designate the non-saturated hydrocarbons as follows : 


Bivalents by the termination -ene; C4Hg being butene. 

Tetravalents by the termination -ine; C4Hg being butine. 
Hexavalents by the termination -one; C4H, being butone. 
Octavalents by the termination -une; C,H being butune. 


The Congress, however, was in favor of the proposition of A. von 
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Baeyer, that is, to name them according to the number of double or 
triple bonds which they contain, and adopted his proposition as follows: 

11. Jn the non-saturated hydrocarbons with open chains having a 
single double bond, the termination -ene is to be used corresponding 
with -ane in the saturated hydrocarbons ; when two double bonds occur 
the termination -diene, and when three the termination -triene, etc. 


We will thus speak of ethene for ethylene ; propene for propylene; 
hexadiene for diallyl. 


12. The names of the hydrocarbons with triple bonds shall end 
correspondingly in -ine, -diine, -triine. Acetylene is thus e¢hine, and 
dipropargyle becomes hexadzine. 

13. Lf there are simultaneously double and triple bonds the termina- 
Zions -enine, dienine, etc., wl] be used. 

14. The carbon atoms in the non-saturated series are to be num- 
bered in a manner corresponding with the saturated. In a case of 
ambiguity, or in absence of side chains, the end carbon atom nearer the 
highest bond will be numbered I. 

Thus: 

Cu, — Co — tn, — 6H = tH, 
Hs 


5 4 2 1 
CH; — CH, — CH, — CH = CH; 


3 4 5 
CH =C — CH; — CH = CHe 


15. When necessary the position of the double or triple bond will 
be indicated by giving the number of the first atom of carbon to which tt 
as joined. 

For example: 

CH, = CH — CHz — CH? butene 1. 
CH; — CH =CH —CHg butene 2. 


In addition to the saturated hydrocarbons there exists a number 
of compounds in which the molecule is formed by the union of 3, 4, 5 
or 6 CH, groups united into a closed chain. These have the names 
trimethylene, tetramethylene, pentamethylene and hexamethylene. 
These names, which resemble those of the non-saturated hydrocar- 
bons, were not approved by the Congress, which adopted the propo- 
sition of H. E. Armstrong in regagd to them. 
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16. The saturated hydrocarbons with a closed chain will take the 
names of the corresponding saturated hydrocarbons of the fatty series 
and the prefix -cyclo. 


Thus: 


7 CHa 
cae cyclopropane. 


Before leaving the hydrocarbons the Congress adopted the follow- 
ing proposition in regard to their derivatives : 


17. The same manner of numbering the hydrocarbons is to be fol- 
lowed in all thetr products of substitution. 


It is understood that in all cases where the numbering is not 
fixed by the position of the side chain it is to commence at the ex- 
tremity of the principal chain nearer the point of substitution. 


For example: 


CH.Cl — CHCl 1.2. dichlorethane. 

CHs— CHCl, 1. dichlorethane. 

CH; — CHe — CHzg — CHz — CHeBr 1. bromopentane. 

CH; — CH — CHz — CHz — CHeBr 2. methyl-5-bromopentane. 


CHg 
CH; — CHz — CBr — CHz — CHg 3. methyl-3-bromopentane. 
CHs3 
CHs — CHe — CH — CHz — CHg 3. methyl-3?-bromopentane. 
CHeBr 


The Congress next took up the naming of various simple functions. 


18. The alcohols and phenols are to take the names of the hydro- 
carbons from which they are derived, followed by the suffix -ol. 

19. Jn the case of the polyatomic alcohols and phenols, there will 
be inserted between the name of the fundamental hydrocarbon and the 
suffix the words di, tri, tetr, etc., to indicate the atomicity. 


20. The name mercaptan is to be abolished, and this function ex- 
pressed by the suffix thiol. 


According to these rules methylalcohol would have the name 
methanol ; ethylalcohol, ethanol ; allylalcohol, propenol; glycerine, pro- 
panetriol; mannite, hexanehexol; and the common mercaptan would 
be ethane-thiol, etc. 
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For naming the simple ethers as well as the sulphur ethers the 
Congress adopted provisionally the proposition of F. Beilstein : 


21. The oxyethers take the names of the hydrocarbons of which 
they are composed, separated by the word -oxy. 


Ordinary ether will have the name ethane-oxy-ethane ; amylether, 
that of pentane-oxy-ethane ; anisol, benzene-oxy-methane. For the sake 
of convenience the more complicated hydrocarbon is named first. 


22. The sulphur ethers are named in the same manner as the oxy- 
ethers, using the syllable -thio; the disulphur ethers by -dithio and the 
sulfones by -sulfone. 


For example: 


CgsHs — S — CeHs _benzene-thio-ethane. 
CsH; — S — S —CegHs _benzene-dithio- benzene. 
CeHs — SOg —CeHs benzene sulfone-benzene. 


The method of naming the aldehydes, ketones and quinones is 
regulated by the following resolutions : 


23. The aldehydes are characterized by the suffix -al being added 
to the name of the hydrocarbon from which they are derived. The sul- 
phur aldehydes by the suffix -thial. 

For example: 


CH3sCHO ethanal. 
CHsCSH ethane-thial. 


24. The ketones are characterized by the suffix -one. The diketones, 
triketones, thioketones are designated by the suffixes -dione, -trione, 
-thione. 

Thus: 

CHsCOCHs _propanone. 
CHsCOCHeCHeCHg pentanone .2. 
CHsCHeCOCH2CHs _pentanone .3. 
CHsCOCH2COCHs _pentandione .2. 4. 


25. The present nomenclature for the quinones remains unchanged. 


For the naming of the organic acids two propositions were intro- 
duced for the consideration of the Congress. According to one of 
these —the report of Parisian commission — the acids would take the 
name of the hydrocarbon containing the same number of carbon atoms 
as the acid, followed by the suffixes -oic, -dioic, -tetraoic, etc., according 
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to the number of carboxylic groups. L. Bouveault proposed, on the 
contrary, to consider the carboxyl as a substituting group, and to 
regard the acids as derivatives of hydrocarbons having a smaller num- 
ber of carbon atoms. The name of the acid would thus be taken 
from that of the inferior hydrocarbon by adding the suffixes -carbonic, 
-dicarbonic, -tricarbonic, etc., this latter method being in practical 
agreement with the present method for the aromatic and pyridene 
acids. 

Succinic acid would thus be called by the first method, dutane-dioic 
acid; and by the second, ethane dicarbonic acid 1, 2. These two 
methods would both come under the fundamental principles admitted 
by the Congress, and both present advantages and disadvantages. 
In the first we can see an advantage in preserving intact in the name 
the original skeleton of the hydrocarbon, and thus not separating the 
acids from the alcohols from which they are derived by simple oxida- 
tion. This method could be applied admirably to the naming of the 
normal acids of the fat series, but leads necessarily to ambiguity in 


the acids from hydrocarbons with branched chains. Thus, for example, 
the acid 
CHs — CH, — CH — COOH 


He — CHg 


the fundamental hydrocarbon of which is 


CHs — CHe — CH — CHg 


He—CHg 3. methyl pentane 


would be named by the first method }-methyl-pentanoic-acid. This 
name should evidently be reserved for the acid derived from the 


normal acid by substituting a methane group in place of an atom of 
H on carbon number 3, viz. : 


CH; — CH, — CH —CH, 
H,— COOH 


The name pentane-3-carbonic-acid, which would. be given to it by 
L. Bouveault, avoids this confusion. 

By the second method we would regard acetic acid as a derivative 
of methane, and call it methane carbonic acid. This name sounds to us 
a little strange; it is clear, on the contrary, that the method is better 
adapted for naming the acids in which the carboxy] is in the side chain. 
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The great advantage, however, is seen in the uniformity which could 
thus be adopted in all parts of organic chemistry as well for the 
aromatic as for the fat series. After a long discussion of the two pro- 
positions that of the Parisian committee was adopted by a vote of 
twenty-four for and ten against, with the restriction that it should be 
applied only to the fat series. The second principle is to be applied 
to the aromatic acids, so that we shall have the two methods of nam- 
ing acids. The adopted resolutions in regard to the acids are as 
follows : 


26. The name of the monobasic acids of the fatty series will be 
that of the corresponding hydrocarbon with the suffix -oic. The poly- 
basic acids will be designated by the terminations -dioic, -trioic, etc. 


27. In the acids of the fatty series the carboxyl group will be 
considered an integral part of the carbon skeleton. 


Thus formic acid is methanoic acid. 
acetic acid is ethanoic acid. 
oxalic acid is ethanedioic acid. 
succinic acid is butanedioic acid. 


he proposition of C. Graebe, asking to preserve the present names 
of the first four monobasic acids, was lost. 

28. The acids in which one or two atoms of sulphur have replaced 
the corresponding atoms of oxygen in the carboxyl group are named as 
follows: if the sulphur is singly bound to the carbon atom it will be 
designated by -thiol; if the bond is a double one, by -thione. 

Thus: 

CHsCOSH_ ethanethiolic acid. 
CHsCSOH ethanethionic acid. 
CHs3CSSH _ ethane-thione-thiolic acid. 


29. Jn the monobasic acids with a normal chain the carbon atom 
in the carboxyl group is numbered I. In all other cases the same order 
7s to be followed as in the fundamental hydrocarbons. 


Thus: 


a 3 2 I 
CH; — CHe— CHz — COOH 


1 2 4 1 2 3 4 
CH,—CH—¢H,—COOH  CH,=CH—CH,—¢OoOH 
Hg 
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30. The present manner of naming the salts and compound ethers 
vemains unchanged. Thus: ethanoate of ethyl, methanoate of calcium, 
ethane dioate of potassium. 


31. The anhydrides of the acids will be named in the same man- 
ner as at present. Thus: ethanoic anhydride. 

32. The lactones will be designated by the suffix -olide. The posi- 
tion in the principal chain of the alcoholic oxygen with respect to the 
carbonyl group will be indicated by the Greek letters, a, B, y, 5, beside 
the customary numbers. 

Thus: 

o.oo pentanolide, 1. 4 


| | or 
CH; — CH — CHz — CH y-pentanolide 1. 4. 


The acid lactones derived from the dibasic acids will be named as 
the lactones, and will take the suffix -oic. 
Thus : 
COOH — . — CHz — CHe 


CO pentanolidoic acid. 


With respect to the nitrogen derivatives the Congress adopted 
most of the propositions prepared by the Parisian commission. They 
are but slight modifications of the present nomenclature. 


33. Amines: no change in the ammonia compounds. For example, 
ethylamine. When the group NH, ts considered as a substituting one, 
it will be expressed by the prefix amino, instead of amido. 

Example : 


CHegNH2COOH amino-ethanoic for amido-acetic acid. 


The bodies in which the bivalent group NH closes a chain of posi- 
tive radicals will be called imines. 


Thus: 


CHe~ 
| NH etheneimine. 
CHs 

The committee propose to name the group NH, amigene, and the 
group NH imigene. 


34. The nomenclature now in use for the phosphines, arsines, sti- 
bines and sulphines will be retained. 
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35. The compounds derived from hydroxylamine by replacing the 
hydrogen of the hydroxyl group are to be designated by the suffix 
-hydroxylamine. 


Thus: 
C2Hs — O — NHeg is ethylhydroxylamine. 


The oximes are to be named by adding the suffix -oxime to the name 
of the corresponding hydrocarbon. 


CH; — CHz — CHz — CH = NOH _  butanoxime 1. 
CH; — CHz — C = NOH — CH butanoxime 2. 


36. The names amides, imides, amidoxims are retained. They are 
to be added only to the name of the hydrocarbon and no longer to 
that of the acid. 


Thus: 
CHsCONHsg is ethanamide instead of acetamide, 
CONH,2 


ONHe 


CHICO >NH is dutanimide instead of succinimide. 


is ethane-diamide instead of oxamide, 





37. The term urea ts retained; it will be employed as a suffix for 
the alkylated ureas, while the derivatives by acid substitution will be 
the ureides. For example, ethylurea, ethanoylureide. The bodies 
derived from two molecules of urea are designated by the suffixes -duirea- 
duireides. The acid ureides take the name ureic acids. The names 
uramic and uric are not to be used. 


38. Amidines: this suffix is retained. 


Example : 


CH; — c= Nh ethanamidine. 





39. The customary term guanidine ts retained, but different guant- 
dines are named as substitutions of diamido-carbo-imidine. 


40. Betaines take the suffix -taine. 





N — CHz— CO : . 
(CHs)s __~“o' ——_ethanoyltrimethyltaine. 


41. Mitriles: for the derivatives of the fatty series where the group 
Cn is part of the principal chain, the name of the hydrocarbon ts taken, 
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followed by the suffix -nitrile. When the Cn group is in a side chain, 
no rule has been established. In the aromatic series the prefix -cyano 
has been adopted. 


CHz:Cn _ethane-nitrile. 
CegH;Cn cyanobenzene. 


We see here a complication resulting from the adoption of articles 
26 and 27 relating to the nomenclature of the acids; here we have 
a double method of naming, according as the body belongs to the fat 
or aromatic series, and no rules for bodies having branching chains. 

42. Carbylamines: the present nomenclature is to be used. 

43. Isocyanic ethers: suffix -carbonimide. 


CO =N — CoH; ethyl-carbonimide. 
CS =N—C2Hs _ethyl-thione-carbonimide. 


The prefix -¢izone is used here after article 28, since the sulphur is 
bound to the carbon by a double bond. The terms essence of mustard, 
mustard oil, etc., used as generic terms for designating bodies of the 
formula CS = N —R will be dispensed with. 

44. Cyanates: this name is reserved for the true ethers, which by 
saponification yield cyanic acid or its hydration products. The name 
sulphocyanate zs replaced by that of thiocyanate. 

45. Nitro-derivatives: there will be no change from the present 
nomenclature. We will still say nitro-ethane, nitro-benzene, etc. 

46. Azo compounds: the terminations azo, diazo, hydrazo, azoxy are 
unchanged. ‘The manner of using these terms, however, is somewhat 
different, the same principle being employed as in the nomenclature 
of the ethers. 


Thus: 


CsHs—N2—CegHs benzene-azo-benzene. 
CgHs —Ne—CesHs—Ne—CeHs benzene-azo-benzene-azo-benzene. 


The same principle as for naming the ethers. 


47. The symmetric hydrazines are considered as hydrazoic deriva- 
tives, and named as such. Other hydrazines are designated by the 
names of the radicals of which they are composed, followed by the suffix 


-hydrazine. 
CsHs — NH — NHCHs _benzene-hydrazo-methane. 


cn — NH,  phenylmethylhydrazine. 
CHs — CeH4 — NH — NHe_ methophenylhydrazine. 
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48. The name of the hydrazones ts formed by replacing the termi- 
nations -al or -one of the aldehydes and ketones by the suffix -hydrazone, 
The term -ozazone ts replaced by that of dihydrazone. 


CH; — CHz — CH = N — NH — CeHs _ propanhydrazone 1. 
CH; —C =N—NH oe CgHs propanhydrazone 2. 
CHs 
The Congress now considered the more difficult problem of nam- 

ing the bodies with complex functions. A. von Baeyer proposed to 
name these by the same rules as those adopted for the bodies with 
simple functions. This method, very logical in principle, unfortunately 
so clashes with our language as to be untenable. Thus the body 


COH — CH; — CHOH — CO — COOH 


which is at the same time aldehyde, alcohol, ketone and acid, would 
have the name fentan-ol-al-on-oic acid. The large number of suffixes 
which would thus be necessary in order to name many bodies soon 
becomes ludicrous, and leads to a complication difficult of pronuncia- 
tion. Then again it is difficult to insert the numbers indicating the 
positions of the substituting groups. The Parisian commission sought 
to solve these difficulties by having what is considered the most im- 
portant or characteristic function expressed by the termination, the 
other functions being designated by prefixes which would express the 
nature of each group. Thus the above body would be named by this 
system, 2 keto -3 oxy -§ aldehydo-pentanoic acid, or other endings for 
the prefixes as might be decided upon. This makes the names very 
long, but allows the insertion of the numbers, and so far as simply 
furnishing a name for an index answers very well. We can see, how- 
ever, a great inconvenience which would arise from the introduction of 
two distinct modes of designation for each function, as would be the 
case in this system, depending on whether we consider any group an 
important or secondary function. And then, again, who is to decide 
which is the important group in any compound? After a long dis- 
cussion of the subject the Congress, realizing that neither the Parisian 
commission nor they individually had sufficiently studied the subject, 
concluded to return the question for the examination of the Parisian 
commission, and to that effect passed the following resolution : 


49. Further discussion of the nomenclature of the compounds with 
complex functions ts postponed ; the question ts referred to the Inter- 
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national Committee for preparing a plan to be presented at the next 
Congress. The committee are charged to consider the exigencies of the 
spoken nomenclature, as well as a terminology applicable for an index. 
Here we see that the Congress has desired to look after the spoken 
nomenclature, as well as one intended solely for an index. 


RADICALS, 


For naming the hydrocarbon radicals the Congress adopted the 
following resolutions : 


50. The names of the monovalent radicals derived from the hydro- 
carbons by the elimination of an atom of hydrogen have the termination 
-yle. This ending replaces the suffix -ane for the saturated hydrocarbon 
vadicals ; it ts added to the full name of the unsaturated hydrocarbons. 


Thus: 
CHs —CHe— ethyle. 
CHz = CH — ethenyle. 
CH =C— ethinyle. 


51. The alcoholic radicals, that is to say, those radicals derived 
from the alcohols by splitting off an atom of hydrogen directly bound 
to carbon, are named by adding -ol to the radical of the corresponding 
hydrocarbon. 

Thus: 

— CH,— CH,0OH ethylol. 
— CH =CHOH ethenylol. 


52. The aldehydic radicals are named in a corresponding manner to 
the alcohol radicals by using the termination -al. 


Thus: 
—CHz— CHO ethylal. 


53. The acid radicals which still possess an acid character, that ts 
to say, the radicals resulting after eliminating an atom of hydrogen 
bound to carbon, are named in a manner similar to the alcohol and alde- 
hyde radicals by adding to the corresponding hydrocarbon radical -oic. 


Thus: 
— CHz— COOH eethyloic. 


The acid radicals, on the contrary, which are derived by eliminating 
the hydroxyl of the carboxylic group are named by giving them the ter- 
mination -oyle in place of -oic of the acid. 


Thus : 
CH; — CO — ethanoyle. 
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54. Where two radicals are joined to the same carbon atom, the 
more complicated ts given first. 


Example : 
Pentylmethylamine, phenylethylhydrazine. 


AROMATIC SERIES, 


At the last meeting the Congress took up the nomenclature of 
the aromatic compounds. This subject, so vast and important, had 
consequently in many parts to be treated in a very superficial manner. 
The three principal ideas introduced for naming the aromatic hydro- 
carbons were: 


I. The naming of the fundamental hydrocarbons. 

II. The nomenclature of the side chains and the substituting 
groups. 

III. The manner of indicating the positions of the side chains or 
substituted groups with respect to the nucleus. 


No resolution was adopted on the first point. The former Congress 
of Paris, in 1889, had decided to replace the names of benzine and 
naphthaline, which names have the fault of being those which have 
been reserved for the organic bases, by those of benzene and naphtha- 
lene. The French chemists have in fact adopted these two names, but 
in Germany and in America the term benzol is still largely used. The 
term benzol should not be used as it is too near to the ending charac- 
teristic of the alcohols. M. Graebe has furnished an idea which it is 
to be regretted the Congress of Geneva did not adopt. He proposed to 
give to benzene and naphthalene the names phene and naphtene. These: 
two names, beside their brevity, would allow of the application of the 
rules already adopted. Phenyle and naphtyle would be the correspond- 
ing radicals, and phenol and naphtol the hydroxyl compounds. It is 
to be hoped that the next Congress, which will have to fix names for 
the aromatic compounds, will consider this proposition. On the sec- 
ond point, concerning the nomenclature of the side chains and substi- 
tuted groups, the following resolution was adopted : 





55. Jn the aromatic derivatives and in all the bodies with a closed 
chain the side chains will be considered as substituting groups. 





CgsHs — CHO methylal-benzene. 
CsHsN (COOH), pyridine-dicarbonic acid. 


The third point, the manner of indicating the position of the sub-. 
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stituting groups, has been very finely set forth by A. Combes. An 
outline of his paper is as follows : 


Originally Kékulé proposed to designate the summits of the hexa- 
gon which was to represent the benzene molecule by the numbers 1, 
2, 3, 4, 5, 6, and also to indicate by symbolic numbers the relative 
positions of the substituting groups. 

Koerner proposed for easily naming the bi-substitution bodies to 
designate the compounds of the 1, 2 series by the prefix ortho; those of 
the series 1, 3 by meta; and of 1,4 by para. This mode of designation 
is to-day accepted universally, and permits of a clear manner of desig- 
nating all the bi-substitution derivatives. When the number of substi- 
tutions is greater than two the problem of naming the divers isomeric 
compounds by the present existing method is infinitely more difficult, 
and especially is this true when the substituted radicals are different. 
Owing to the perfect symmetry of the benzene molecule it is impos- 
sible to select any one of the points of the hexagon and call it num- 
ber I (as in the open chain the end carbon atom was number 1). Asa 
result of this perfect symmetry compounds could be represented by 
many different symbols. For example oxytoluic acid could be repre- 
sented by the six symbols 


COOH (1) CHs (3) OH (4) CHsg (1) COOH (3) OH (6) 
CHg (1) OH (2) COOH (5) COOH (1) OH (4) CHs (5) 
OH (1) CHs (2) COOH (4) OH (1) COOH (4) CHs (6) 


according as we assign number 1 to the group 
COOH, CH; or OH 


If now one of the summits of the hexagon could be singled out 
from the others, and that one called number 1, we would introduce 
a dissymmetry in the molecule that would enable us, after adopting a 
few simple rules, to construct without hesitation the formula for 
any polysubstituted derivative of benzene. With this object in view 
A. Combes proposed the following resolutions, which were adopted: 


56. The atoms of carbon of the benzene nucleus are numbered from 
I to 6. 

57. In the polysubstitution derivatives of benzene we will indt- 
cate the substituting group in which the atom bound directly to carbon 
has the smallest atomic weight, as number I. 


58. The place I being thus fixed, the other groups will be named 
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in the order of the increasing atomic weight of the atoms in those 
groups directly bound to carbon, those of the smaller atomic weights 
coming first. 

Thus phenolchlorobromide would be written 


OH 1, 3,4 
Cl 
Br 
and its isomer 
OH 1, 4,3 
Br 
Cl 


In case of identity of two atoms bound directly to the carbon skel- 
eton we are to consider the other atoms in the group; the group having 
the smallest molecular weight will be given first. 

Thus: 

— OH 


cl— 


—OC2Hs _ will be 1, 3, 6. 


In the cases where there exist several side chains we give first places 
to those which contain only one atom of carbon. For classing the chains 
we consider tf they are derivatives of the group CHg, by replacing 1, 2 
or 3 atoms of hydrogen, and give number I to the group which causes 
the least increase of molecular weight. 


CHs (1) CH20OH (1) 








— CoHs (3) — COOH (3) 
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59. When the same substituting group is repeated several times the 
index I will be given to the group, which will make the index of 
the second substituting group the smallest. 


Thus: 
CHs 
Aminodimethylbenzene 
1, 3, 4; 
and not as could be written, 
— CH; 1, 3, 6. 
NH, 


60. When two benzene rings are joined directly or indirectly the 
numbers of the ring given last will be accented. 


Mr. Armstrong offered a general scheme for naming all the bodies 
referred to a non-saturated closed chain or ring, such as pyridine, 
pyrrol, furfurane, etc. Bouveault also offered a proposition on the 
same subject. For want of time to discuss the subject it was post- 
poned until the next meeting, and there was adopted in reference to 
this point the following proposition : 


61. The discussion of the nomenclature of the bodies with closed 
non-saturated chains is postponed until the publication of the ideas 


of Armstrong will allow the commission to compare them with those 
of Bouveault. 


The Congress closed its discussions with the following proposition 
concerning their application : 


62. The Congress invites the editors of the chemical journals to 
apply the principles which have been adopted. 


The Congress in passing this last resolution did all that it could as 
a body to introduce into general use the principles it had adopted. 
When we consider that the men composing the Congress represented 
the highest talent in the chemical world it seems probable that we 
may look forward to a rapid introduction of the new nomenclature. 
This desirable result would, however, be much hastened if chemists 
in general would take hold of this subject. 

It may be interesting to many to know that the next edition of 
Beilstein’s Organische Chemie will be printed as far as possible in 
accordance with the new nomenclature. 
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UPON THE DIFFICULTY WITH WHICH WATER PARTS 
WITH ITS DISSOLVED OXYGEN. 


By AUGUSTUS H. GILL, Px.D. 
Received November 30, 1892. 


In the course of a series of determinations of dissolved oxygen | 
for the Massachusetts State Board of Health, it was observed that 
a water almost completely aérated could be heated considerably above 
its saturation point without a corresponding loss in oxygen. As appar- 
ently the fact had been unnoticed, it was investigated, with the follow- 
ing results : 

As is well known, with a saturated solution of a solid, a depression 
of the temperature causes its almost immediate precipitation, more 
especially if it be shaken, or particles of the same are in contact with 
it. With gases, the molecules of which are so free to move, one 
would suppose the same phenomena would occur with even greater 
ease and rapidity, as Ostwald says, “by rise in temperature, liquids 
are completely freed from dissolved gases.” This, however, takes 
place very slowly, as is shown by the following experiments: 


METHOD OF PROCEDURE. 


The calibrated bottles holding about 250 cc. were filled from the 
laboratory tap by a rubber tube passing to the bottom of the bottle, 
the water being previously allowed to run for some time to insure a 
representative sample. In taking this sample a quantity of water was 
allowed to run sufficient to fill the bottle about sixteen times. The 
temperature was taken by placing a delicate thermometer in the bottle 
while it was being filled. The method followed for the determination 
ef oxygen was that of L. W. Winkler ;! after being filled, some of the 
bottles were left standing in the room, the temperature of which was 
22° C., and others were placed in the water bath at 30° C. 





* Berichte der deutschen chemischen Gesellschaft, 21, 2843. 
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SERIES I. 
Time of heating. | Temperature. cc. of oxygen. Per Naas Per ee pee Per 7" 
0 > a 6.760 83.87 
6.822 84.60 es 
6.832 84.73 ee 
7 hours. 22° 6.530 80.98 106.8 dee 
24 hours. 22° 6.249 77.50 102.2 * 
4 hours. 30° 6.540 81.13 124.5 




















After being heated four hours at 30°, the water was still supersatu- 
rated, less than 4 per cent. of oxygen having been given off ; this was 
even less than was given off on heating seven hours at 22°, it requir- 
ing twenty-four hours at this temperature to bring it down to the 
point of saturation. 


In Series II the oxygen seemed to leave the water even more 
slowly, six and one half hours’ exposure at 30° causing a loss of about 
6 per cent., and forty-eight hours’ exposure at 22° causing but 2-3 
per cent. loss. 


SERIES II. 





Per cent. basis 





Time of heating. | Temperature. | cc. of oxygen. we —e | Pe — 
0 x 6.823 84.61 ee 
7.016 87.02 
6.955 86.26 ° es 
48 hours. 22° 6.639 82.33 108.6 * 
6.832 84.72 111.8 
6.528 80.76 124.2 
6} hours. 30° 6.416 79.58 122.1 




















The foregoing experiments were performed with 85 per cent. 
aérated water ; 92 per cent. gives up the oxygen rather more slowly 
as might be thought, as the following series indicates. 
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SERIES III. 
Time of heating. Temperature. cc. of oxygen. Per — of Per cent basis of 
| 
0 5.9° 8.031 92.33 
8.071 92.80 
24 hours. 22 7.772 89.32 127.2 
7.643 87.86 125.0 
7.088 81.47 116.0 
48 hours. 22 
7.083 81.42 115.8 
7.451 85.65 ones 
7} hours. 33° 7.405 85.22 

















The results of this experiment confirm the observations made in 
the winter, that the waters then received being cold and nearly satu- 
rated hold on to the oxygen very tenaciously. 

To ascertain if the shape of the vessel exercised any influence 
upon the rapidity with which the oxygen was given off, experiments 
were made using bottles with necks one and one half inches in diam- 
eter instead of half an inch: 











Exposed 24 hours at 22° in bottles of 
Water as drawn. 
Percentage of aération. 1% inch neck. % inch neck. 
89.39 83.04 88.79 
89.99 83.85 89.00 
92.33 79.37 87.86 
92.80 coe coce 











These show, as was expected, that the greater the surface the 
more rapidly the oxygen leaves the liquid, making a difference of 
about 5 per cent. 

The results given in these series do not indicate particularly closely 
agreeing determinations, by no means within the limit of accuracy of 
the method. This is due to the fact that it is well-nigh impossible, 
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even after the water has been allowed to run from ten to fifteen min- 
utes, to draw consecutive samples of water that are of the same com- 
position. Mr. F. S. Hollis, one of the water analysts of the city of 
Boston, has observed this same fact, and collects the samples by allow- 
ing the water to run through a T tube into each bottle. In the fol- 
lowing series the bottles were all filled from the same large bottle of 
water, the contents of which had been thoroughly mixed. 








Time of heating. | ‘Temperature. | ce. of oxygen, | Percent. basis | Per cent. basis oe a 
0 i 6.409 83.34 
6.396 $3.16 
6.396 83.16 
6.376 $2.89 . 
24 hours. 22° 6.250 Fer 102.3 scasea 
12 hours. 30° 5.255 ene or 100.2 
5.297 wees eer 100.8 




















This shows a much better agreement of the results among them- 
selves than those of Series I, II and III, and substantiates the con- 
clusions there drawn. 

That water does undergo changes in its oxygen contents in the 
pipes is well shown in the following series: during the night ther- 
had been very little drawn; it was allowed to run five minutes, and 
samples taken consecutively at five different times. 








Time. Temperature. Per cent. aération. 
9.02 A.M. 27.5° 46.73 
9.07 A.M. te 80.86 
9.17 A.M. 6.° 80.30 
9.37 A.M. 5.5? 82.31 

10.07 A.M. 5.5° 83.80 

















Another experiment showed after the water had been running fif- 
teen minutes, 89.4 per cent. aération ; after running thirty minutes, 
92.5 per cent. This would indicate that the composition of a water 
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coming through any considerable distance of small pipe is not con- 
stant as regards oxygen contents until perhaps two hundred liters have 
been drawn, or it has been allowed to run from a half inch faucet for 
half an hour. 

The results of the foregoing experiments would indicate : 

1. The necessity of knowing the initial temperature of a water in 
order to report “percentage of saturation.” 

2. That a water can be heated ten degrees above its saturation 
point for twenty-four hours —in some cases forty-eight hours — with 
out giving up entirely the excess of oxygen; this takes place with 
greater rapidity from a wide-mouthed vessel. 

3. That it is impossible to draw two consecutive samples of water 
from the same faucet of exactly the same oxygen contents. This vari- 
ation is undoubtedly due to changes of pressure in the pipe system. 
Possibly this statement may be true of other constituents. 


LABORATORY OF SANITARY CHEMISTRY AND GAS ANALYSIS, 
November, 1892. 
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TESTS ON THE TRIPLE ENGINE AT THE MASSACHU- 
SETTS INSTITUTE OF TECHNOLOGY. 


By C. H. PEABODY anp E. F. MILLER. 
Received December 8, 1892. 


THE tests described in this paper, and for which the data and 
results are given in the accompanying tables, were a part of the regular 
work in the laboratory of steam engineering at the Massachusetts 
Institute of Technology for the school year of 1891-92. They are re- 
ported here because they are believed to be of value to the engineering 
profession ; and in order that they may receive the attention which we 
believe they deserve it is proper that we should state our reasons for 
our confidence in their accuracy and correctness, especially as student 
work is sometimes considered of little value. The observers, who were 
students of the third year class, and who had already received instruc- 
tion from preliminary tests of like nature but which are not reported 
here, were in divisions of about twenty, each under the direction of 
the instructor in charge of the laboratory, aided by three competent 
assistants. All the instrumental work, such as weighing water, read- 
ing gauges and taking indicator diagrams, received close and unremit- 
tent attention from the instructors. The measurements of areas and 
pressures on the indicator diagrams were made independently by two 
observers, and checked. All the calculations for all the tests were 
carried through by the instructing force, and thoroughly checked. 
Finally, it is believed that an inspection of the results of the tests, as 
given in the table and the accompanying diagrams, will show that the 
variations of results of comparable tests are well within the limit of 
the errors of observation. Thus the tests No. 1 and No. 2 may be 
considered to be duplicates ; their consumptions of heat are 233 and 
237 B. T. U. per horse power per minute; the difference, 4 B. T. U., 
is less than two per cent. Other pairs, such as No. 3 and No. 4, 
No. 5 and No. 6, show a like satisfactory result, while none of the 
results reveal notable discrepancies. 
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The engine, which has already been presented to the attention of 
this society, has provision for jacketing the barrels and heads of the 
cylinders and the intermediate receivers. The tests given here are the 
beginning of a series which is intended to show what advantage, if 
any, may be obtained by jacketing the various organs of the engine 
with steam. While the engine is provided with the necessary piping, 
valves, etc., for running in various combinations, and while the cranks 
may be set at various angles, it was run in the usual way for a triple 
engine, with the steam passing in succession through the high-pressure 
cylinder, the first receiver, the intermediate cylinder, the second re- 
ceiver and the low-pressure cylinder, and then to a surface con- 
denser; and the cranks followed at 120° in the order of high, inter- 
mediate and low pressure. The priming in the steam near the 
throttle valve was 1.1 per cent. for all the tests. The steam in the 
jackets was at boiler pressure, and was assumed to have the same qual- 
ity. The steam condensed in the condenser was collected and weighed 
in tanks ; the drain from the several jackets was caught, and measured 
in graduated receivers. All the tests were one hour in duration. 


Some of the principal dimensions of the engine are given in the 
following table : 


HIGH. 
Diameter . ° ° . ° ° ° . ° ° ° ° 8.99 in. 
Stroke - ; - 30.00 in. 
Diameter piston rod ‘ Ff ‘ . ° ° . . e 2.19 in. 
Clearance in per cent. of piston displacement . ° . C.E. 9.76 H.E. 8.83 
Piston displacement . . . - « C.E. 1.037 cu. ft. H.E. 1.102 cu. ft. 
INTERMEDIATE. 
Diameter . : : . : . ° ° ° ° « 16.01 in. 
Diameter rod. ‘ . ° ‘ F ‘i . . ° ‘ 2.19 in. 
Stroke A ae . ‘ : 4 . . . ‘ : : 30 in. 
Clearance in per cent. of piston displacement . ° . C.E. 10.9 H.E. 10.4 
Piston displacement . ; ‘ . C.E. 3.430 cu. ft. H.E. 3.495 cu. ft. 
LOW. 
Diameter . . ‘ " “ ° -4 ea ° ° = . 24.063 in. 
Diameter rod. . . . . ° ° ° ° . . 2.16 in. 
Stroke i ; . ‘ 4 ° ° a mS a Os : 30 in. 
Clearance in per cent. of piston displacement . . C.E. 12.27 H.E. 12.18 


Piston displacement . . . . #£C.E. 7.831 cu. ft. H.E. 7.894 cu. ft. 
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The surface condenser into which the engine exhausts is used for 
a variety of laboratory work, and has various pipes entering it, each 
with its valve. The spindles of these several valves, though tight 
under steam pressure, could not be prevented from allowing air to leak 
into the condenser at varying rates. Thus the vacuum was never 
satisfactory and varied from day to day; it was, however, possible to 
maintain it steady during a single engine test. Since the perform- 
ance of a multiple expansion engine depends largely on the vacuum, 
it has been considered advisable to reduce all the tests to the same 
vacuum. The table gives the steam per horse power per hour, and 
the B. T. U. per horse power per minute actually consumed. Also the 
B. T. U. per horse power per minute calculated on the following as- 
sumptions: (1) that the vacuum was always 26 inches of mercury, 
and (2) that the mean effective pressure for the low-pressure cylinder 
was increased (or diminished) by the difference between the actual and 
the assumed absolute pressure in the condenser. 

The tests may be arranged in five groups, as follows : 

1. The first nine tests recorded in the table were made with steam 
supplied to the jackets on the three cylinders of the engine, but not to 
the receiver jackets. This series is the most complete and gave the 
best economy. The results of the tests are plotted on Figure 1 with 
the per cent. of cut-off on the high-pressure cylinder for abscissas 
and with the B. T. U. per horse power per minute for ordinates, the 
latter beginning at 230 on the diagram in order that a large vertical 
scale may be used without undue size for the plate. The curve drawn 
to represent these tests shows that the best performance of the engine 
is obtained with the cut-off on the high-pressure cylinder at 30 per 
cent. of the stroke, and that longer cut-off and more power requires 
more heat per horse power. The cut-off on the intermediate and low- 
pressure cylinders for this series, and indeed for all the tests reported, 
was set to give an expansion in the high-pressure and intermediate 
cylinders down to or nearly to the back pressure lines for those cyl- 
inders, and thus to avoid loops or appreciable drop to the receiver. 
It will be noticed that the vertical displacement of the points rep- 
resenting tests No. 1 to No. 7 from the curve is not more than 
2} thermal units; the displacement of the tests No. 8 and No. g is 
about 5 thermal units; but they, with No. 7, sufficiently determine the 
general direction of the curve, which has the well-known form of 
such curves, showing a gradual reduction of heat consumption as the 
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cut-off is shortened till a minimum is reached, and beyond that a 
large and rapid increase in the heat consumption. 

The action of the steam jackets and the interchange of heat be- 
tween the steam and the cylinder walls is roughly indicated by the per 
cent. of steam at cut-off and release. In the high-pressure cylinder 
we find the familiar initial condensation and reévaporation, the action 
being more marked as the cut-off is shortened. The efficiency of the 
steam jacket is shown by the fact that the steam is fairly dry at re- 
lease for all the tests, and with the cut-off at 35 per cent. the steam is 


© High Int, Low Jacket 
f] All Jackets 


B.T.U.Per H.P,Per Min.26 Vac. 





Per Cent Cut off on High Press. 
Fig. 1. 


not very wet even at cut-off. The action in the intermediate cylinder, 
though less marked and less regular, is similar to that in the high- 
pressure cylinder. For all the tests, except No. 8 and No. 9, the 
steam is wetter at release than at cut-off in the low-pressure cylinder, 
showing a condensation during expansion —a most unexpected result, 
the more especially as that cylinder was thoroughly jacketed with 
boiler steam, and there can be no question that there was an ener- 
getic action of the jacket, as evinced by the large condensation in 
that jacket by column 1o of the table. 
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2. The tests Nos. 10 to 15 inclusive were made with steam in 
the jackets of all the cylinders and in the jackets of the intermediate 
receivers. The results are also plotted on Figure 1, and are represented 
by a curve, which shows definitely that the minimum consumption for 
that series is attained at about 32 per cent. cut-off on the high-pressure 
cylinder. The vertical displacement of none of the points representing 
these tests from the curve exceeds 4 thermal units. A comparison of 
the columns 20, 21, 30, 31, 40 and 41 of the table shows that with 
all the jackets supplied with steam, including those on the receivers, 
the steam passing through the cylinders becomes progressively dryer 
in its course through the engine, and is substantially dry and saturated 
at release from the low-pressure cylinder. It should be remarked that 
calculations of the quality of the steam in the low-pressure cylinder 
showed superheating, as indicated in the table, at cut-off for all of this 
group of tests, and at release for two of them. The superheating, how- 
ever, was in no case large, and in most cases may be within the limits 
of error of the test. The same action will be observed for the low- 
pressure cylinder in these tests that was noticed in the first group, 
namely, that the steam is dryer at cut-off than at release. 

The most important conclusion arrived at from a comparison of 
this group of tests with the first group is that the application of heat 
in the jackets was carried to an excess. The excess in the heat con- 
sumption at the minimum for this group of tests over that for the first 
group is only 6 thermal units, but the difference, though small, is dis- 
tinct. Probably a reduction of pressure of the steam in the jackets 
of the second receiver and low-pressure cylinder will be found to give 
a favorable result. 

3. The group of tests numbered from 16 to 24 in the table was 
intended to show the action in the individual jackets. A comparison 
of tests No. 1 and No. 16 shows that the heat consumption was in the 


proportion of 
233 : 269: :1:1.11, 


or that the saving from the use of steam jackets was about ten per 
cent., which is what was found to be the gain from jacketing both 
simple and compound engines in the well-known Revenue Steamer tests 
by the engineers of the United States Navy. 

While the tests in the first and second groups show a progressive 
drying of the steam on its way through the engine, due to the action 
of the jackets, these tests show that the steam, which in the high- 
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pressure cylinder is nearly as dry as in the first groups, becomes 
progressively wetter —a fact that has been reported for triple expan- 
sion marine engines. 

A comparison of tests No. 18, No. 19 and No. 20 with tests No. 21 
and No. 22 shows that it does not make much difference in economy 
whether the steam jacket, if only one is used, be placed on the inter- 
mediate or the low-pressure cylinder. A comparison of all five tests 
mentioned with the tests No. 16 and No. 17 shows a distinct advan- 
tage from the use of a jacket on either of these cylinders. This 


° ets 
A Int.Cyl. Jackets 
tx Low Cyl. Jackets 
1st & 2nd.Rec.Jackets 


"” 


B.T.U.Per H.P.Per Min. 26 Vac. 





Per Cent Cut offon High Press. 
Fig. 2 


last is more apparent from Figure 2, on which are plotted the results 
of all the tests of this third group, together with the curve showing 
results of the first group of tests, which is given as a sort of standard 
of comparison. 

It is clear from investigation of the table and from Figure 2 that 
the use of jackets on the intermediate receivers for tests No. 23 and 
No. 24 does not give much advantage, certainly not so much as the 
use of a jacket on either the intermediate or low-pressure cylinder. 
This conclusion, of course, holds only for this particular type of re- 
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heater, and on our engine; the advantage, if any, to be obtained from 
the use of other types of reheaters, such as coil or tubular reheaters, 
and on other types of engines, can be found only by proper tests on 
such engines. F 

4. The main interest of the fourth group of tests, which are 
plotted on Figure 3, together with the curve representing the first 
group, is to see which end of the organs of the engine should be sup- 
plied with steam jackets, z.e., whether jacket should be applied to the 
cylinders and receiver when the steam contained is at high pressure, 
or to the cylinders and receiver when the steam is at low pressure. 


1% High 1st.Rec.& Int. 
2% Int.2D Rec.& Low 
8% 1st.Rec.Int.& Low 
4% Int.& Low 

Int.& 2D.Rec. 


B.T.U.Per H.P.Per Min.26 Vac. 





15 


Per Cent Cut offon High Press. 
Fig. 3. 


While the tests are neither sufficiently numerous, nor so related as 
to settle the question, they appear to indicate that it makes little 
difference which system is used. The comparison of tests No. 29 and 
No. 30 with No. 27 and No. 28 shows that it makes little difference, 
if any, which receiver is supplied with a jacket in combination with 
jackets on the intermediate and low-pressure cylinder. Again, the 
tests No. 31 to No. 34 with jackets on the low and intermediate cy]l- 
inders show on the whole very similar results at 30 per cent. cut-off 
for the high-pressure cylinder. 
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5. The last group is made up of a miscellaneous lot of tests that 
were made somewhat at random to find the effect of various combi- 
nations in addition to those already discussed. They are plotted on 
Figure 4, together with the curve representing the first group of tests. 
Together with the tests in the fourth group they show that the 
jacketing of the three cyclinders of the engine (without jackets on 
the receivers) gives the best result, unless it may be at very early cut- 
off on the high-pressure cylinder, for which arrangement the economy 
of the engine is decidedly worse than for a cut-off at about one third 
stroke. 


% High, ist.Rec., Int.& Low 
FF Ast.Rec., Int.2 D, Rec.& Low 
#& 1st.Rec., Int.& 2D. Rec. 


” 


B.T.U.Per H.P.Per Min.26 Vae. 





Per Cent Cut offon High Press. 
Fig. 4. 


The tests No. 38 and No. 39 with jackets on the two receivers 
and the intermediate and low-pressure cylinders are the only ones 
that are represented on the diagram by points that are below the 
curve of the first group. The importance of tests at so early a cut- 
off on the high-pressure cylinder has already been shown to be small. 

Though it is too early to announce any definite general conclusion 
from this series of tests we have gathered a general idea that it 
makes but little difference where steam jackets are used on an engine, 
provided the jacketing is carried far -~eu~h and not too far. 
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| 15 16 17 | 18 19 20 ar | a2 | 23 24 
1} 140.5 | 36.1 136.6 48.1 60.6 .906 .938 46.10 47.76 | 39.41 
2; 141.3 | 35.0 133.1 49.1 58.3 .874 .989 46.11 46.44 | 39.13 
3| 140-6} 27.3 | 131.6 | 37.2 45.3 841 935 | 42.53 | 47.04 | 38.49 
4| 1423] 27.0 | 1315 | 363 42.4 839 943 | 4698 | 47.96 | 40.58 
5] 142.3} 25.0 | 127.3 | 31.5 33.9 833 918 | 50.00 | 50.40 | 43.17 
6} 140.5 21.9 129.0 | 28.6 26.0 759 .869 51.37 52.01 |. 40.95 
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9 140.8 | 83 1358 | 126 17.1 697 .880 33.12 30.82 | 26.08 
10; 142.1 | 36.1 133.1 46.4 53.0 834 .881 51.47 | 5109 | 43.65 
11] 142.0! 328 | 1308 |) 421 48.3 832 897 | 49.86 | 50.27 | 42.75 
12; 141.2 | 29.3 128.9 369 39.5 .809 883 51.11 | 52.97 | 4463 
13| 143.0 | 27.5 129.6 | 36.5 45.5 816 905 | 45.73 | 46.69 | 39.62 
14| 140.7 | 25.9 | 1241] 33.9 39.4 .778 907 | 4236 | 45.88 | 38.00 
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20| 141.2 | 24.1 1346 33.6 36.6 .687 776 45.22 46.70 | 38.14 
21; 141.5 | 29.1 128.3 37.7 37.2 802 889 52.29 52.11 | 43.06 
22!) 140.3 | 26.8 1313 37.1 41.6 742 87 44.60 48.18 | 38.21 
23} 140.5 Ry ay 127.0 49.3 55.3 825 898 47.56 48.20 | 40.62 
24 | 141.4 | 30.9 135.2 40.1 45.9 .802 .850 52.74 52.30 | 44.72 
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38. | 141.9] 12.5 1319 17.8 21.7 656 812 | 37.48 | 36.46 | 29.70 
11.3 | 1349] 17.1 21.2 653 824 | 35.80 | 33.46 | 27.93 
34.8 | 131.6 48.7 69.2 802 896 38.22 | 38.85 | 32 61 
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TESTS ON THE TRIPLE ENGINE AT THE MASSACHUSETTS INSTITUTE 
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ENGLISH COMPOSITION IN COLLEGES} 


By GEORGE R. CARPENTER, AssociarE PROFESSOR OF ENGLISH. 
Received December 12, 1892. 


In noticing a recent treatise on rhetoric the Mation remarked that 
“a whole library of books on English composition would not teach 
a man to express himself on a subject beyond the range of his in- 
terest, his knowledge or his natural capacity. Hence the discipline 
surest of success is to be sought in narration and description, in mak- 
ing abstracts from good models, and in translation. The thinking 
may be left to take care of itself.” Again, in a note on President 
Eliot’s report of 1889-90, the same journal calls the especial attention 
of the reader to “what is said about the effort to improve the gift of 
expression in English at Harvard —a problem needlessly complicated, 
as we believe, by the endeavor to cultivate by one and the same 
exercise the art of clearly stating what a man has to tell, and to force 
the brain to think.” What the Matton says may usually be taken as 
the result of thoughtful first-hand observation of some one qualified 
to observe and to judge. It is worth while, then, to examine these 
two statements a little further. In substance they agree, and they 
agree in recommending a kind of instruction which was more common 
a generation ago than now, and to which many a man of middle age 
will perhaps look back with misgivings or regret. The prevalent 
theory then was that rhetoric—the art of writing well — should be 
taught by a system in which precept played a larger part than practice, 
and in which practice was often subordinated to the academic study of 
so-called models of style. This theory was as a whoie sound, for it 
was based on the well-tested and universally applicable principles of the 
Latin rhetoricians — abstract rules, smacking (to the taste of to-day) 
of Pope and Boileau, and well fortified with apposite illustrations from 
authors whose suave, dignified, and slightly pompous diction makes 
them appear to the humble reader impossible and unattainable ideals. 





* Reprinted from the Educational Review of December, 1892. 
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Such a method and its results may be seen at its best in almost any 
Roman Catholic college, or in Du Cygne’s excellent Ars Rhetorica, 
from which docile English-speaking pupils are still taught to respond 
(in answer to the question: ‘Quid confert Imitatio ad eloquentiam ?”’ ) 
that ‘‘Imitatio confert ut optimo cuique Authori similes in dicendo 
evadamus, et quae sunt in eo summa, diligenter prosequamur.” Nor 
were the results of the older method unsatisfactory when the pupils 
received seriously and practiced earnestly the instruction given them. 
If you compare a paper published by the undergraduates of a Jesuit 
college with the average journal published by the undergraduates of a 
college in which “modern” methods of instruction are in full vogue, 
the former may generally be found to excel in the essential qualities 
of style. The disadvantage of such methods is, however, that the 
pupil rarely conceives of rhetoric as having much to do with his other 
work in college. 

Lack of interest on the part of the student —this is the chief fault 
of what we may call the “old” system. The subjects prescribed for 
him were alien to his natural sympathies, remote in time and interest, 
foreign to his current thought and feeling. He translated —to follow 
the scheme the reviewer indicates —from Pliny or Lessing, he made 
abstracts of Burke’s speeches, he described the battlefield of Marathon 
or narrated the chief events of the siege of Syracuse. But all this, 
however excellent drill it may have been in the abstract, merely led 
the ordinary student to pretend an interest in that which was really 
distasteful to him; forced him to abhor such tasks as irrational, and 
to associate all composition with the conscious act of parading other 
people’s ideas in other people’s fine garments. Style then became for 
him something external, not woven of his own thought and emotion, 
‘but gained by imitation of accepted models. He must, he was taught, 
try to write with the brilliancy of Macaulay, or the swinging ponder- 
osity of De Quincey, or the aphoristic unction of Matthew Arnold. 
But he must always make his bricks with the straw and clay which the 
taskmaster furnishes ; he must never forage for himself, never give his 
own thoughts the expression that seems to him natural and appropriate 
to them, never be taught how, with a given subject in mind, to collect 
information from the best and most suggestive sources, never be urged 
to ponder over and assimilate what he has read and heard until it 
becomes thoroughly his, never be aided in the art of arranging his own 
material so that it will be most intelligible and effective, never, in 
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short, be helped to a man’s birthright —that of mastering his own 
thought and conveying it by means of writing unchanged to the minds 
of others. Nor can we justly object, under such a system, to the idea 
that any subject-matter will serve the student’s turn. Why should 
it not? Unless we “needlessly complicate the matter by helping the 
student to think” about what he writes, he may as well choose for his 
exercise “ Balaam’”’ or “The Advantages of a Cheerful Spirit” as 
something about which he has already been thinking for himself. His 
duty is not to concern himself with the subject-matter of his work save 
as he can apply to it those principles of composition or of style which 
are most in favor with his preceptor. And so the pupil passes through 
the required routine, frequently in such a machine-like fashion that he 
never dreams that the art he is learning is one which he uses and is 
to use almost as often as his legs, or that both the theoretical and the 
practical part of his work is scarcely valuable at all if it does not bring 
him to that clear, terse, and strong thinking which is at the basis of 
clear, terse, and strong writing. To the young man trained in this 
fashion the study called rhetoric soon becomes a dim memory. The 
writer recently had occasion to question some twenty or more students, 
who had wholly or partially completed their regular course of work in 
various colleges and scientific schools, as to what they had done in 
“ Rhetoric.” They had all studied it, in the early part of their col- 
lege curriculum, for periods varying from one term to two years, but 
scarcely one of them could remember the name of the text-book over 
which he had spent so many hours. The color, the size, the shape, per- 
haps, lingered in his memory, but not the author’s name or method. 

In recent years, however, a far different method of teaching Eng- 
lish composition has been followed to a greater or less degree in many 
of our colleges— at Harvard, perhaps, in particular. There, several 
processes of development have been steadily going on. First, on the 
rapid advance of the elective system has followed the slow retreat of 
all prescribed studies, including that of English composition, which is 
now reduced to a full course in the Freshman year, and to half a course 
in the two succeeding years. This prescribed drill is supposed to be 
sufficient for the needs of the average student. A number of elective 
courses, however, including both theory and practice, fully provide for 
the needs of those who wish to carry their studies further. Second, 
the character of the prescribed work has been changing no less stead- 
ily. In the Freshman year, to be sure, the drill is formal, and almost 
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entirely prefatory to really independent writing, but in the Sophomore 
year the class or kind of subject alone is indicated by the instructors, 
the subject itself being left to the choice of the student, who is encour- 
aged by them to express in his written work his own more serious 
thoughts or fancies. In the Junior year, finally, the student chooses a 
subject of discussion from a list suggested by the instructors in various 
courses in philosophy, history, and science as fitting topics for investi- 
gation and thought. He is advised to write on subject-matter familiar 
to him through his other studies, to read on both sides of the ques- 
tion, and to let his thesis bear the marks not merely of clever phrasing 
or purely rhetorical skill but of thought, of judgment, and of logical 
power. Such is a fairly typical prescribed course in English composi- 
tion in the college of to-day, differing widely —and it seems to me 
wisely —from that characteristic of the older method. In each case 
the groundwork is the same —a thorough theoretical training based 
on some particular treatise on rhetoric; but what follows is, according 
to the modern system, regulated by the principle that spontaneity is a 
prime requisite, that the pupil writes best and learns most when his 
subject-matter is to as great an extent as possible of his own choosing 
and prescribed by his own interests, although the transference of 
» thought from one mind to another which rhetoric implies is in all cases 
one and the same effort, independent of the subject-matter which it 
concerns. Such a system proves itself successful by its success; the 
odium and irrational indifference with which an English department 
used frequently to be regarded has somewhat passed away, and teach- 
ers of rhetoric are beginning to be reckoned not with unnatural task- 
masters but with other ‘useful professors of other useful arts. We 
are, then, we may assume, on the right track in the main. But are 
there no further modifications of the system now in vogue that will 
make our teaching still more effective? With the same expenditure 
of force —to wit, with the same number of instructors, with the same 
working hours on the part of both student and lecturer (or theme-cor- 
rector), with the same mental wear and tear on both sides, can we not 
arrive at results even more satisfactory ? 

For, as a matter of fact, the English departments in our colleges, 
in spite of the rapid progress made of late years, are in many cases 
scarcely doing half the work that might on a priori grounds be ex- 
pected from efficient organizations. At the outset the work is handi- 
capped. Young men come to college at an average age of eighteen 
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or nineteen, and frequently with more maturity of character than their 
ages would indicate. But in nine cases out of ten they come badly 
trained in English. This lack of training shows itself in two forms: 
inability —coming from lack of knowledge—to avoid plain gram- 
matical errors; and inability — coming from lack of practice — to begin 
the work of writing in anything resembling a simple and businesslike 
manner. For half a year lecturing instructors and correcting instruct- 
ors are obliged to spend the greater part of their time -in discussing, 
in general and in particular, plain blunders of style which a boy of 
sixteen should have done with once for all; in elaborately explaining 
such fundamental principles as should have been familiar to the same 
boy as soon as the axioms of geometry ; and in what seems for months 
a fruitless attempt to bring the class up to a general level of informa- 
tion and intelligence that will enable it to attack successfully the real 
problems which face the young writer. 

Again, the old indifference still remains. In most colleges, and 
especially in scientific schools, the bulk of a class is indifferent to the 
study of rhetoric as now taught, escapes and evades it, and comes out 
of it scarcely better than when it went in. The fact is that everybody 
— students under the charge of the department and critics outside — 
appreciates the artificial character of the present system. For artificial 
it is in essence as long as men write for the mere sake of writing, with 
no distinct desire to communicate thought. The stronger men, there- 
fore —the obviously necessary drill of the Freshman year over — neg- 
lect routine work in composition on the ground, maintained often and 
in so many words by wiser heads than theirs, that when they have 
something to express there will be time enough to think about the 
various ways of expressing it. Weaker men, on the contrary, learn to 
regard English work as a sort of foppish literary self-adornment. The 
majority of the class go meanwhile heedlessly on their way, writing 
themes by the recipes which are given them by the instructor or which 
they find current among their friends, in very much the same way that 
the careless schoolboy applies the same formula to example after ex- 
ample in a branch of mathematics which he neither enjoys, under- 
stands, nor sees the importance of. Instructors, on the contrary, 
mostly earnest men, work seriously at criticising themes into which 
the writers have never dreamed of putting serious work. Candidates 
for the degree of B.A. or B.S., as a result, in theses, in reports, in 
their private or public letters, often write in a slovenly, haphazard 
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fashion which is the despair of all who think it necessary that any man 
old enough to vote should be able to express such matters as he may 
have to treat m writing accurately, clearly, and forcibly. 

The plain fact is, it seems to me, that departments of rhetoric still 
neglect an important factor. The difficulty of getting boys well 
trained in habits of expression before they enter college we can leave 
to be settled by the growing movement which is bringing up the pre- 
paratory school to a proper level of efficiency. But the point often 
overlooked is that no man or boy can be made to write really well 
unless he writes for the purpose of expressing thought. It is possible, 
indeed, that he may be seized with a desire to express ideas of his own 
to his preceptor in rhetoric in the routine themes demanded of him, 
but that is unlikely. Writing for his instructor, and for him alone, he 
is tempted beyond his power of resistance to mold his thought to suit 
his expression, not his expression to suit his thought. But every stu- 
dent is continually writing, unconscious of rhetorical rules or with only 
a confused idea of them in his memory, without particular instruction, 
but under the most appropriate conditions, matter which in many 
cases is just what his instructor tries in vain to secure from him in his 
routine work. What could be better drill in composition than these 
reports, theses, and abstracts, prepared for his instructors in history, 
philosophy, or science? Given, for instance, various lectures or other 
sources of theoretical or practical information, what, the student is 
asked to report, is the effect of alge growths in reservoirs and ponds, 
or what is to be said of pin bridges versus riveted bridges? Here the 
sound man comes to the front, not the turner of meaningless and quib- 
bling phrases. The student who, in set work, in routine themes, 
broke every law of sense and taste in composition, now writes — clum- 
sily, to be sure, but with his eye on what he wants to express and a 
steady effort to attain it. The man who thought punctuation a useless 
and finicky operation finds that he must master it if he wants to make 
perfectly intelligible what he has to say on metallurgical methods in 
the mines of Bolivia. The man who disdained the study of emphasis, 
climax, unity, or what not, finds it indispensable if he wants to make 
telling points in his, plea for the abolition of grade crossings. Paragraph 
structure instantly becomes luminous, and even sentence structure, 
if the teacher is skillful in following out the connection between 
thought and expression. The clever artificiality vanishes, and industry, 
sense, and sound thinking come to the front. 
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Such a system may seem identical with that mentioned as already 
in use at Harvard —the so-called forensic system. There is, however, 
a decided distinction between them. In the first the student still writes 
for the English instructor; in the system which I prcpose, with much 
diffidence but on the basis of actual experiment, the student, after the 
necessary drill of the Freshman or sub-Freshman year, never writes 
expressly for his English instructor, but always for the department to 
which by subject-matter his thesis or report actually belongs. Sub- 
jected to criticism from both sides, on the basis of thought and that 
of expression, by both departments working together for their common 
good, the thesis or theme is thus treated as it should be. It would be 
surprising to see how nearly identical in purpose and in effect the 
criticism given to the student by the specialist in the department to 
which his essay belongs by right of subject-matter is with that given 
him by his instructor in rhetoric were it not obvious that the best 
writers in the faculty of any college, university, or even scientific 
school are rarely those who represent the department of rhetoric. 
How, indeed, could it be otherwise ? Expression implies thought, and 
he who thinks most clearly, definitely, forcibly, and broadly is likely, 
unless he has great defects in training or taste, to write better than he 
who, however much he is interested in the so-called art of expression, 
has too frequently narrowed his interests and perhaps even debauched 
his intellect by confining himself for years to the incessant reading of 
themes merely made to order by tired, lazy, or indifferent students. 

Of course any large college would encounter many and perhaps 
great difficulties in adopting such a system and in giving it an organic 
structure. But such experiments as I have been able to carry on in 
the Massachusetts Institute of Technology, with students preparing 
for the technical professions, and what I have seen of the success of 
the somewhat similar “forensic’’ system at Harvard, convince me that 
the reports and theses which most teachers of rhetoric have for years 
been passing by as unworthy of notice may be made of the greatest 
value in teaching college boys to write. Good elementary training, 
then, is what we need in the Freshman year; after that as many elec- 
tive courses as seems advisable ; but for the average man in his Sopho- 
more, Junior, and Senior years, frequent practice in writing about what 
he really knows, under the criticism not only of the instructors whose 
sole object is to teach him to write, but also of those who, in whatever 
way, lead him toward knowledge or help him to think for himself. 


’ 
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JAMES BICHENO FRANCIS. 


By HIRAM F. MILLS. 


Read to the Corporation of the Institute of Technology, December 14, 1892. 


Our friend, and the friend of this institution, whose name has for 
five years stood first in the list of members of this corporation, passed 
on to his new field of usefulness on the 18th of last September. 
From its organization for twenty-seven years Mr. James B. Francis 
has attended the meetings of this board, worked on its committees, 
advised and encouraged the Faculty of the Institute, and has been 
a personal and professional aid to many of its graduates. 

Born at Southleigh, Oxfordshire, England, on May 18, 1815, Mr. 
Francis, like his loved friend, Mr. Hoadley —whose memory we all 
revere — began the work which led on to his profession at the early 
age of fourteen. Mr. Hoadley at that age began work in a machine 
shop, and Mr. Francis began assisting the engineer in constructing 
harbor works in Porth Cawl in South Wales, of which his father was 
superintendent. Two years later, in 1831, he was employed on the 
construction of the Grand Western Canal in Devonshire and Somer- 
setshire. In the spring of 1833, before he was eighteen years old, he 
emigrated to this country, and soon found employment as an assistant 
engineer under William Gibbs McNeil and George W. Whistler, on 
the New York, Providence and Boston Railroad. 

In 1834 Mr. Francis went with Major Whistler to Lowell, and 
began his work there by making working drawings of the details of 
one of the locomotives built by Stephenson for the Boston and Lowell 
Railroad, for reproduction in the machine shop of the Proprietors of 
Locks and Canals on Merrimack River. He remained as assistant 
engineer under Major Whistler until 1837, when the latter left Lowell 
and soon after went to Russia to introduce railway construction in that 
country, and Mr. Francis, at the age of twenty-two, was made chief 
engineer of the Proprietors of Locks and Canals on Merrimack River, 
which position he heid for forty-eight years. 

In 1845 he was invited by Mr. Storrow to assist him in developing 
the water power of the Merrimack River at what is now Lawrence, 
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but the Proprietors of Locks and Canals concluded that they needed 
him more at Lowell; they consequently increased his salary, and on 
September 27, 1845, appointed him their agent and engineer, and for 
the following forty years he had the management of the water power 
there, and the construction of the numerous improvements that have 
been made in the works connected with it. His duties also included 
the position, without name, of consulting engineer to the various man- 
ufacturing corporations at Lowell. Seeing that the performance of 
these duties in a manner satisfactory to him required greater prelimi- 
nary training in mathematics and applied mechanics than his early 
education had afforded, he applied himself assiduously to the study of 
these subjects, taking by himself, in the leisure hours of a very busy 
life, an advanced course of study in these subjects, which put him 
abreast of the best educated engineers of his generation. 

His habits of thought were methodical. He was often asked by 
the directors of his company, or by the agents of the manufacturing 
companies, in regard to questions concerning their peculiar depart- 
ments of business, in such variety that no one not in the special 
business could be expected to give advice; but he, taking the question 
definitely in mind, went to his office and began a page of his calcula- 
tion book with “ Mr. wants to know”’ so and so. He would then 
write out in full whatever of value he could find published upon that 
subject, together with his conclusions, and when he met his questioner 
again was ready to discuss the subject in all its bearings and give 
intelligent advice. From this habit of thoroughly investigating the 
subjects that came before him, and writing out his data and conclu- 
sions in form for convenient future reference, he came to be rightly 
acknowledged as an authority on a great variety of subjects. 

The experiments of Eaton Hodgkinson on the best form for cast- 
iron beams had been published three years previously, but before using 
the results in an important position Mr. Francis preferred to try 
beams made of the full size required, and of iron commonly used for 
such purposes in Lowell. He accordingly had a beam constructed 
having a span of nineteen feet and a depth of fifteen and one eighth 
inches, and on January 7, 1845, broke it with 69,821 pounds applied 
at the center. He then altered the pattern and broke another beam 
with a load of 114,000 pounds. These are the earliest experiments 
I have found upon large beams of American iron. 





In 1846 Mr. Francis made designs for the enlargement of the 
water power at Lowell, and constructed the grand canal with its river 
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wall thirty-six feet in height, the body of which is a dry stone wall 
with joints perpendicular to the battering face, and having a water 
tight lining of small stones in cement on the canal side. He here 
introduced vertical screws for hoisting the head gates with nuts driven 
by a turbine. The entire cost of these improvements, amounting to 
$530,000, very slightly exceeded his estimates. In constructing the 
guard dam at the head gates of this canal, in 1847, he determined 
the proper height by investigating the past great freshets that had 
occurred on the river, and concluded that the guard dam and lock at 
the old canal required to be raised. They were built to the height 
of the new guard dam in 1848. Then Mr. Francis concluded that 
the lock gates were insufficient to withstand such a freshet as occurred 
in 1785, and recommended the construction of a great gate twenty- 
seven feet wide and twenty-five feet high. This was accordingly built 
in 1850, and hung high in the air over the lock. The need of this gate 
was beyond the comprehension of most of the people, and it was not 
uncommonly spoken of as Francis’ folly. Only two years later, in 
April, 1852, a freshet arose higher than ever before above the dam 
until there was imminent danger of destroying an immense amount 
of property. 

Mr. Francis, in writing of the great freshets in the Merrimack 
River, modestly says: “The great gate in the guard lock was hung in 
1850, two years only before the freshet of 1852, when it was dropped. 
This is the only occasion when it has been of service, but it is kept 
in readiness for use at any time. The new gate was placed across the 
lock about forty-six feet below the old gates, which were not changed, 
but were supposed to be sufficient to hold until the water attained the 
height it was in 1785, or to about thirteen and a half feet above 
the top of the dam; but it proved to be otherwise. At three o'clock 
in the morning of April 22, 1852, the water found its way round the 
heel post of the westerly gate, the height of water at the time being 
eleven feet ten and a quarter inches above the top of the dam. 
Preparations were immediately made to drop the new gate, which 
was done half an hour afterwards. The water continued to rise 
until one o’clock the next morning, rising in the interval two feet 
two and three quarters inches, or to the height of fourteen feet one 
inch above the top of the dam, which was the maximum height 
attained in this freshet, or indeed of any other of which we have 
any record or tradition.” 
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The day after the gate was dropped, but before the water began 
to recede, the Lowell Journal said: “Lowell has probably escaped 
a great calamity by the wise foresight and timely precaution of one 
eminently practical man— James B. Francis, Esq., Agent of the Pro- 
prietors of Locks and Canals on Merrimack River. Mr. Francis, a 
few years since, anticipating the possibility of an event such as we 
have just realized, and foreseeing that the strong works at the ‘Guard 
Locks’ might fail in such an emergency, caused to be constructed 
a massive, higher and stronger gate, which has ever since been kept 
in a position to be lowered to its place at a moment’s notice. Early 
yesterday morning it was clearly evident that the safety of the Com- 
pany’s works, and consequently of a goodly portion of the city, re- 
quired the lowering of the huge gate to its post of duty. It was 
promptly done, and danger from that source was no longer within 
the range of possibilities.” 

The Boston Dazly Advertiser a few days later said: “It is cer- 
tainly somewhat remarkable that a freshet occurring only once in a 
century should happen only two years after special preparation had 
been made for it, and the inhabitants of Lowell, as well as the propri- 
etors of the mills, have great cause to thank the gentlemen who so 
promptly decided to take measures to guard against what every one 
considered a very remote contingency, and what many considered a 
useless expenditure of money. 

“Tt is awful to think of what would have been the inevitable result 
if the new works had not been constructed. Every vestige of the 
old guard gates would have been carried away, and a mighty and 
uncontrollable river would have swept through the heart of Lowell, 
destroying everything in its course.” | 

A few years later citizens of Lowell presented to Mr. Francis a 
service of silver “in token of their admiration of his foresight and 
sagacity in constructing agate at the Guard Locks, thereby effectu- 
ally protecting the city of Lowell against those casualties to which, 
as the freshet of 1852 fully demonstrated, it must be exposed.” 

In 1849 Mr. Francis was sent to England by the manufacturing 
companies of Lowell to observe the methods in use there for preserv- 
ing timber from decay, which resulted in the construction of works at 
Lowell for kyanizing and for burnettizing timber with experiments 
upon wood so treated, some of the results of which are published in 
the transactions of the American Society of Civil Engineers. 
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Among other notable engineering works at Lowell are his ingen- 
ious and skillful application of hydraulic lifts to the guard gates of the 
Pawtucket Canal, designed in 1870, and the reconstruction of the Paw- 
tucket Dam across the Merrimack River in 1875-76. 

A prominent part of Mr. Francis’ duty at Lowell was to distribute 
the water power among the several corporations in accordance with 
their respective rights; this has called for the execution of many 
original hydraulic experiments on a large scale. Selections from those 
made from 1847 to 1852 on hydraulic motors and on the flow of water 
over weirs and in short canals of uniform rectangular section were 
published in 1855, in the work entitled Lowell Hydraulic Experi- 
ments. In the second edition, published in 1868, were extensive 
additions upon the subject of the flow of water in open canals from ex- 
periments made from 1856 to 1860, and very interesting results of 
experiments made in 1854 upon the flow of water through submerged 
orifices and diverging tubes. The third and fourth editions were 
issued in 1871 and 1883. 

This work forms an era in the engineering literature of America as 
well as in the growth of the profession. The extreme accuracy of the 
work and the care with which all interfering circumstances were 
avoided and the clearness and fullness with which all of the actual 
conditions are presented give it a character which younger engineers 
have been proud to emulate, and it has had a remarkably great influ- 
ence in the growth of the engineering profession in America. 

Mr. Francis was elected Fellow of the American Academy of 
Arts and Sciences, November 13, 1844. On February 14, 1865, his 
memoir, Ox the Strength of Cast-Iron Pillars with tables for the use 
of Engineers, Architects and Builders, was presented to the academy. 
Prof. Daniel Treadwell, addressing the academy, said : “ Mr. Francis has 
made a most thorough examination of all the experiments that have 
been published, or that came within his rch, with the conclusions 
which have been drawn from them, together with the formulas and 
rules that have been proposed for practical constructions. Proceeding 
thus he has, after a careful and patient examination of the experiments 
and the reasoning of the several investigations, selected such of the 
conclusions and formulas as have appeared to him quite trustworthy, 
and from combining and in some cases modifying these he has 
calculated a most elaborate set of tables, by which the architect or 
practical workman can find a column suited to any structure, and 
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which may be relied upon as safe for all purposes, ordinary, or even 
extraordinary. I consider the paper thus produced by Mr. Francis 
as of great value, and believe that it will become a work of the first 
authority and of constant reference for the builder.” 

This paper was worked out to supply a need in the profession 
shown by the fall of the Pemberton Mill in Lawrence, January 10, 
1860, an account of which was published by Mr. Francis in the Journal 
of the Franklin Institute immediately after. 

In the same journal may be found important papers by Mr. Francis: 
in 1867 on experiments on the evaporation of steam boilers used for 
heating purposes, a description of cofferdam at Turner’s Falls and 
formulas and tables for the shafting of mills and factories; in 1870, 
experiments on the evaporation of a Corliss boiler; and in 1875, report 
on a test trial of a Swain turbine water wheel. 

Mr. Francis was elected a member of the American Society of 
Civil Engineers at its first meeting, November 5, 1852, and was pres- 
ident of the society from November 3, 1880, to January 18, 1882, and 
on the 5th of April, 1892, was elected an honorary member. To this 
society he contributed many valuable papers, and joined in many of 
the discussions. Among the papers containing additions to the knowl- 
edge of the profession are his “Experiments on the Deflection of 
Continuous Beams,” “ Experiments on the Flow of Water over Sub- 
merged Weirs,” “ Experiments on the Preservation of Timber,” and 
“Experiments on. the Percolation of Water through Portland Cement 
Mortar,” contained in his paper on “ High Walls or Dams to Resist 
the Pressure of Water.’’ He also contributed reports on the failure 
of the dam on Mill River, and on the cause of the failure of the 
South Fork Dam ; also papers on durability of cast-iron water mains, 
the Provincetown dike, translation of Darcy’s results on flow of water 
through cast-iron pipes; on the cause of the maximum velocity of 
water flowing in open channels being below the surface ; distribution 
of rainfall over New England during the great storm of October 3 
and 4, 1869; experiments on the Humphrey turbine water wheel ; 
stoppage of flow in a water main by anchor ice; and on the effect of 
a rapidly increasing supply of water to a stream on the flow below 
the point of supply. And in his address as president of the society, 
delivered at Montreal in 1881, he gave the result of his observations 
on the formation of anchor ice. 

Mr. Francis became a member of the Boston Society of Civil 
Engineers July 3, 1848, and was its president in 1874. To the meet- 
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ings of these societies of engineers he was always heartily welcomed, 
and was listened to with profound respect. His character as an inves- 
tigator seeking only the truth, as a skillful engineer adopting the best 
means to accomplish the end desired, and as a pure-minded, honorable 
man, impressed his associates ; and with the greatest confidence in his 
integrity there was added the enjoyment of his geniality and helpful 
kindness. 

He received from Dartmouth College, in 1851, the honorary degree 
of Master of Arts, and in 1858 the same degree was conferred by 
Harvard College. He was a member of the American Philosophical 
Society of Philadelphia, and. from 1864 to 1868 a member of the 
Boston Society of Natural History. He was also honorary member of 
Winchester Historical and Genealogical Society, of the Arkwright 
Club, of the Trinity Historical Society of Dallas, Texas, and of the 
American Society of Irrigation Engineers of Salt Lake City, Utah. 

Mr. Francis has had a wide practice throughout the country as 
consulting engineer in hydraulic work, in which department he has 
been regarded as the head of his profession in this country. Among 
the more important subjects on which he has given advice are fifty 
water powers in nine States and two provinces, including a plan for 
preventing the recession of St. Anthony’s Falls on the Mississippi 
River, and designs for reconstruction of the Holyoke Dam; also 
water works in eighteen cities of five States and one province, includ- 
ing a report on the design for the Quaker Bridge Dam on Croton 
River ; also many foundations of important structures, including that 
of Trinity Church tower in Boston; also upon irrigation in California. 
He has been employed as an expert in a great number of cases at law. 

Mr. Francis resigned the office of agent and engineer of the Pro- 
prietors of Locks and Canals on Merrimack River, January I, 1885, 
which he had held from September 27, 1845. This was fifty years 
after he entered the service of the company, and his friends —the sec- 
ond generation of directors during his service —then presented to him 
a beautiful service of silver, and to their expressions of trust and 
friendship added the declaration, “To the eminent ability and wisdom 
which have distinguished your administration, the marked success 
of the Lowell manufacturers has been largely due.” He was then 
appointed consulting engineer of the company, which position he 
held at the time of his death, September 18, 1892. 

Outside of his profession he was held in the highest esteem by the 
community for his sterling integrity and kindliness. Everybody had 
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the utmost confidence in his judgment, in his fairness, in his unselfish- 
ness and in his great executive ability. He served one year in the 
State Legislature, five years in the city government, four years on 
the school committee, two years as director of the city library, one 
year as president of Middlesex Mechanics Association, twenty years 
as president of Stony Brook Railroad, thirty-two years as director of 
the Railroad National Bank, and forty-three years as director of the 
Lowell Gas Light Company. 

He was frequently appointed a commissioner to decide important 
cases, in which his professional knowledge and his judicial mind would 
give advantages over others. Among the more important of these 
commissions were those to assess damages for the diversion of Sud- 
bury River by the city of Boston,.in 1876, and to report on method 
of preventing floods in the valley of Stony Brook, in 1886; also to 
design and construct for the State of Massachusetts the Provincetown 
Dike, in 1867-69. 

By the will of his friend, the eminent engineer Uriah A. Boyden, 
Mr. Francis was made one of the trustees of a fund, amounting to two 
hundred and thirty thousand dollars, to establish an observatory, or to 
help others to maintain an observatory for astronomical research “at 
such an elevation as to be free, so far as practicable, from the impedi- 
ments to accurate observations which occur in the observatories now 
existing, owing to atmospheric influences.” To determine where best 
to expend this money Mr. Francis visited, principally at his own ex- 
pense, nearly if not quite all of the observatories of this country. The 
trustees finally transferred the property to the president and fellows of 
Harvard College, to be used for the purpose intended with other funds. 
of the observatory, resulting in the establishment of an observatory 
near Arequipa in Peru, at an altitude of more than eight thousand 
feet above the sea. 

With the unsurpassed activities of his wonderfully useful life, in 
which he illustrated the noble Christian virtues, he yet had time and 
thought and activity to devote to the interests of St. Anne’s Church, 
of which he was member, warden and vestryman, and an interested 
director of their orphanage. 

In all the relations of life he was the faithful, single-minded, cour- 
ageous, reliable, earnest, far-sighted, honorable man. His memory is 
a blessing to his country. 


Lawrence, December 11, 1892. 
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